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PREFACE. 



The object of the Author, in compiling the 
work he now submits to the public, is to present 
to the non-medical student a book, by means of 
which the acquirement of some knowledge of 
Physiology may be rendered comparatively easy, 
and " to economise the time and labour of those 
who are compelled to prepare themselves for 
examination on the subject, by collecting into 
one volume the information they would otherwise 
have to obtain from various sources/' 

To persons totally unacquainted with even the 
rudiments of Anatomy the study of Physiology 
must be particularly diflBlcult, and to meet this 
difficulty the Author has endeavoured, in the 
progress of the work, to introduce an amount of 
anatomical description sufficient to enable the 
student to understand the nature of the functions 
performed by various parts of the body, and the 
laws which govern their actions ; it has also been 
his endeavour to avoid the employment of too 
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many technicalities, and to proceed with the de- 
scription as though he addressed those who were 
entirely unacquainted with the science ; and he, 
therefore, has used no such expressions without 
explaining their meaning the first time they 
occur. 

To non-medical students, the acquirement of 
physiological knowledge must be difficult for 
another reason — most works on the subject are 
either of a very abstruse or of a very elementary 
character. In the former it is presumed that the 
reader has a considerable knowledge of Anatomy, 
and the latter are usually of too superficial a 
nature to supply the information required for a 
university examination. 

In carrying out his plan, considerable difficulty 
has been encountered by the Author. It was 
necessary to enter into some details of Compara- 
tive Anatomy and Physiology, as well as the 
Anatomy and Physiology of the Human Body ; 
and the difficulty arose from embracing in so 
small a compass a subject so extensive. More- 
over, it was far from easy to give in a few words 
a description that would be perfectly intelligible, 
when such description might much more readily 
have been extended to some pages. But if the 
Author has succeeded in making himself clearly 
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understood, he considers that his object is fully 
accomplished. 

This brief notice cannot be concluded without 
reference being made to the names of those 
writers whose works have been largely and con- 
stantly consulted during the progress of this 
treatise; amongst them may be mentioned 
Bowman, Brewster, Carpenter, Cuvier, Milne 
Edwards, Ellis, Grainger, Huxley, Jones, Kirkes, 
Quain, Sharpey, Solly, Todd, Wilson, and many 
others. 



16, Dorset Terrace, Clapham Road ; 
December V6th, 1862. 
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NOTE. 
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rate the Batrachians fix)m Reptiles generally, but the more 
modern classification is adopted on page 232, where the Verte- 
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Aves, and Mammalia. 



ERRATA. 

Page 13, line 8, for a dorsal and two lateral blood-vessels, 
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Page 17, line 33, for without a tail, read with or without a 
tail. 

Page 42, line 9, for Amphibia, read Reptilia. 
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ANIMAL PHYSIOLOGY. 



INTEODrCTION. 

Anatomy teaches the arrangement and relation of 
the various parts of an animal frame; Physiology 
refers more specially to the phenomena that are 
exhibited, and the changes that take place in a Hying 
body. The science of Physiology, therefore, treats 
of laws which govern the functions of organized 
beings, and the changes that occur in their structure 
during their period of existence. 

Many of the laws applied to Physiology, are equally 
applicaole to other branches of science ; and the forces 
acting in the body that can be accounted for by these 
laws, are termed Physical, whilst forces that act in 
the animal fimme, which cannot be explained by 
Physical science, are called Vital. 

Many physiologists consider that Vital power is 
totally distinct from any Physical force; but as 
several phenomena exhibited by living beings, and 
formerly ranked as Vital, have, since the advance of 
scientific knowledge, been reduced to, and accounted 
for, by kaown Physical laws, it is most probable that 
all vital action is merely the result of Physical and 
Chemkafl agencies operating in the living body. How- 
ever,* till certain changes and actions taking place in 
organized stmcture can be elucidated by Physical 
sciesDce, they must be considered as Vital, though 

I 



2 ANIMAL PHYSIOLOGY. 

doubtless, many of them will hereafter be removed 
from their position, and ranked merely as Physical. 

Force, whether Physical or Vital, must, to be ap- 
preciable to our senses, exert its influence on some 
material body ; and the consideration of the nature, 
structure and composition of matter will ferst claim 
attention. 

All existing objects may be divided into two great 
classes — those that are possessed or capable of life, 
and those that are not ; the former, are termed Or- 
ganic, and the latter, Inorganic bodies. The distin- 
guishing marks that present themselves between the 
two classes are, a difference, firstly, of chemical com- 
position ; secondly, of form ; and thirdly, of the mode 
of increase. 

1st. The elements most commonly met with in the 
Organic world are. Oxygen, Hydrogen, Nitrogen, and 
Carbon, which together form compounds, known under 
the name of Protein ; but in the Inorganic, a large 
number of elementary bodies is found, and an almost 
endless variety occurs in their combinations. 

2nd. The form of Organized beings is definite, 
bounded by curved lines, presenting convex surfaces ; 
whereas that of Inorganic bodies is indefinite, bounded 
by straight lines, presenting plane surfaces. 

3rd. The mode of increase in an Organized being 
is interstitial, or from within, but in an Inorganic 
body the increase is from without, by mere external 
deposit. 

Every living being is continually undergoing a 
gradual change, by the removal of certain portions of 
its body, and the addition of new ones ; and that 
this continual change may proceed, it is necessary 
that the body should have some definite organization 
or arrangement and relation of parts, which, when 
viewed separately, may be found to differ considerably 
from each other, and give no idea of the being to 
which they belong, unless they are considered in the 
relation in which they stand. Moreover, the whole 
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is affected bj^ a certain vital influence, and so long oa 
it continues, tihe changes in the body go on, but, at a 
certain periocl, all beings lose this influence and die. 

Proceeding with the view of the Organic world, 
we find it capable of division into two great kingdoms 
— ^the Animal and Vegetable ; no single characteristic 
mark can be laid down by which these two may be dis- 
tinguished ; the structure, indeed, of some of the lowest 
types of animals renders it difficult to say whether they 
belong to that or to this kingdom ; a difference of 
chemical composition and of nutrition is most marked ; 
for the most part, Frotem, or as they are termed, 
"quaternary" compounds, are confined to animals, 
and " ternary " to plants, the latter being destitute 
of Nitrogen. This, however, only holds good as a 
general rule, as some vegetables contain Protein. 
Motion furnishes no certain distinctive feature, some 
animals being without that power, and some plants 
being capable of movement. 

The possession of a mouth and digestive cavity is 
common to the former class, and roots to the latter ; 
plants, too, being fixed, obtain their nourishment on 
the spot ; but animals are usually provided with the 
means of locomotion, enabliug them to seek their 
food, which in their case is composed chiefly of or- 
ganic matter; whereas plants subsist on inorganic 
substances. The possession of a nervous system would 
be a strong distinction, but as this cannot be traced 
in all animals ; and as certain plants appear to possess 
something approaching nervous irritability, it cannot 
be depended on as a certain guide. Nutrition and 
reproduction are the characteristics of the vegetable, 
and a tendency to the development of sensation and 
voluntary motion of the animal creation. 

Animals are composed of a variety of different 
parts, which bear distinct relation to each other, and 
nave certain functions to perform ; these parts vary- 
ing greatly from each other, if viewed separately, pre- 
sent no resemblance to the whole body of the animal 
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to wluch they belong ; but, in a plant, the various 
parts are mostly repetitions on the same plan, any 
one of them being taken will be found to bear con- 
siderable resemblance to the others. 

In the animal economy the following are the most 
important characteristic organs : 

1st. A digestive cavity or stomach for the purpose 
of digestion, in which the food undergoes certain 
necessary changes previous to its being taken into 
the system. 

2nd. A St/stem oj^ vessels or lacteals, for the purpose 
of absorption, into which the fluid products of diges- 
tion are received. 

3rd. A second system of vessels or blood-vessels, 
which receive the nutritive fluid from the first system 
of vessels, and distribute it through the body by 
what is termed circulation. 

4th. A respiratory apparatus^ in which the circu- 
lated fluid is exposed to the agency of the atmosphere 
(in the case of aquatic beings air m water). 

5th. A alandular aj^aratus^ by which certain pro- 
ducts in tne circulating fluid are rejected or retamed 
for the nutrition of the body. 

6th. A nervous system, exerting its influence over 
all the functions. 

Lastly, organs of reproduction, — Only the higher 
animals possess this complex organization ; and as we 
descend in the scale of creation, one or more of these 
organs will be found wanting. 



GENEEAL VIEW OF THE ANIMAL 

KINGDOM. 

CuvTEE divided the animal kingdom into four great 
sub-kingdoms, the Eadiata, Mollusca, Articulata, and 
Vertebrata -, the first containing beings of the lowest 
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and the iaet comprising those of the highest organiza- 
tion. The Badiata, however, included many creatures 
that could not then he classed under any other head ; 
but as the knowledge of animal life advanced, one 
by one they were removed from this sub-kingdom, 
and placed in others, till at length the B^diata waa 
itself replaced by two fresh types, the ProtO£oa and 
Ccelenterata. 

The Pkotozoa comprises the lowest forms of animal 
existence, and is divided into two classes, Aatomata 
and Stomatoda, or those that have not, and those that 
have moutliB. 

As an example of the Aetomata, we may take the 
Ameeba, a mass of jelly-like substance (found ii 
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and stagnant water) w th no definite form and with- 
out a mouth or alimentary canal ; capable, however, 
of prolonging on^ part of its body into arm-like pro- 
cesses, vhich seize and enclose its food. In the same 
way, any part of the body seems to have the power 
of dissolving substances brought into contact with 
it ; and the food having been digested, the refuse is 
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permitted to escape by an alteration in the creature's 
shape, the proceaseB being withdrawn from around 
the indigestible matter. Throughout this jellv-like 
structure no nervous system can be detected, but a 
contractile spot or vesicle is usually obserred, and 
also a dark spot, termed a nwcleus. 

StoTnatoda. — Included under this name are certain 
animals of low organization and simple structure ; an 
advance, however, in complexity of arrangement, is 
observable. 

As an esample of the class we may take the Vorti- 
i cells or bell-polyp, 

the name indicating 
the appearance of 
the animal, its form 
being that of a bell 
attadied to a long 
stalk or stem ; at 
the upper part of 
the bell or body is 
a mouth encircled 
by small hair-like 
processes, called 
cilia, which move 
rapidly, and create 
a constant current, 
drawing the prey of 
the animal within its 
reach. The mouth 
leads into a canal 
closed at the other 
end, and In the Bub- 
Btance of the body 
is a contractile spot and dark nucleus. 

An advance in organization is tbiia presented over 
the Amoeba, as the Vorticella is provided with a proper 
digestive cavity, though the mouth serves both for the 
purpose of receiving food and ejecting the portions 
not digested. The functions and character of the 
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contractile vesicles and coloured nuclei already men- 
tioned is quite UQcertain, but they seem to be pretty 
generally preeeat both in the Vorticellie and Amaebra. 

The CfflLENTEEATA. — We now come to a diTision 
of the animal kingdom remarkable for the free com- 
mnnication of the alimentary canal with the general 
cavity of the body ; and of this type two clawes may 
be given as the 
leading subdi- 
visions : first, 
the Hydrozoa, 
and second, the 
Actinozoa. 

Hydrozoa.— 
la describing 
the Hydrozoa, 
it will be neces- 
eary to take an 
animal called 
the hydra aa 
an example — a 
creature pro- 
vided with a 
long, funnel- 
shaped body, 
having a mouth 
at one end, sur- 
rounded by 
arm -like pro- 
jections, termed 
tentacles, and 
at the other a 
sucker, by (/ 

which it at- ' 
taches itself to 
surrounding 
objects. The 
body consists of two layers, between which are a nnm- 
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ber of greenish cells, supposed to secrete some fluid 
that asBiste In the process of digestion. The mouth 
leads into a digestive cetI^, which is closed at the 
other end, as in the YorticeUa. One peculiar charac- 
ter deserves notice : if a Hydra is cut in pieces, each 
portion is capable of becoming a perfect Hydra. 

Aelinozoa. — Of this dasa the actinia ia the type : 
an animal that haa a round body, with short tentacles 
aurrounding the top. In the centre is a mouth, lead- 
ing into a sac-like stomach, between the coats of which 
and the wall of the animal'a body is a considerable 
interval, subdivided by partitions ; wad at the bottom 
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of the stomach ia an opening, through which the fluid 
products of digestion pass into the general cavity of 
the body, to nourish the animal tissues. Here, again, 
we may stop to observe the advance in organization. 
The body of the animal just described is divided into 
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separate layers ; a definite cavity for digestion exists, 
but no special arrangement for promoting the process, 
in the form of cells pouring forth solvent fluid. A 
considerable advance, therefore, has been made, as 
compared with the very simple structure and arrange- 
ment of the animals mcluded in the Protozoa. As 
yet no special apparatus has appeared for conveying 
the nutritive fluid through the animal frame, nor has 
any trace of a nervous system been detected. The 
Actinia presents neither ; but in the sub-kingdom 
next to be described, both these systems will begin 
to make their appearance. 

MoLLUscA. — In the lowest types of the Mollusca 
there is no very great advance in organization over 
the beings belonging to the sub-kingdom already 
described; in fact, till lately, some molluscs were 
classed with polyps, and not a few are propagated by 
the simple process of budding — a mode of reproduc- 
tion greatly resembling the growth of a twig from the 
stem of a plant. 

There is no special form to be traced in this sub- 
kingdom ; but it is remarkable for the predominance 
of the visceral organs in proportion to the other parts 
of the body. In all molluscs the body is soft, and 
enclosed in an elastic skin, lined with muscular fibres, 
constituting what is called a mantle, by which (when 
one exists) the shell is secreted. In all the higher 
species there is a very considerable advance in com- 
plexity of structure; the alimentary canal is more 
perfect, and does not communicate with the general 
cavitjr of the body by any direct opening ; at one ex- 
tremity of the canal is the mouth, and at the other 
the anus or rent for excrement. The whole canal is 
divided into three portions : the first, leading from the 
mouth to the stomach, is termed the oBSophagus ; the 
second is the stomach itself; and the third, extending 
from the stomach to the anus, is the intestiue. The 
products of digestion transude through the walls of 
the canal, and are distributed to the body b^ ^ ^ks^ss* 
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of vessels forming a vascidar system. The blood cir- 
culating in these vessels is white or bluish ; and in the 
higher orders of Molluscs it is propelled through the 
body by means of a heart, containing two chambers, 
one called an auricle, and the other a ventricle. A 
respiratory apparatus, usually adapted for aquatic life, 
in the form of gills or branchiae, is common ; and lastly, 
a distinct nervous system, and organs of special sense, 
as those of vision and hearing, are developed. No 
special arrangement of the nervous centres obtains, but 
as a rule, there is about one nervous mass or ganglion 
for each important organ, one large ganglion commonly 
being situated on the oesophagus. Occasionally the 
mouth of molluscs is not situated on any prominent 
portion of the body, nor surrounded by any of the 
organs of special sense ; the animal is then said to be 
acephalous, or headless ; on the other hand, when the 
mouth is placed on a projecting part or head, the term 
encephalous is applied. 

Amongst the most important classes in this sub- 
kingdom are the Bryozoa, Tunicata, Conchifera, Ptero- 
poda, Gasteropoda, and Cephalopoda. 

The Bryozoa comprises molluscs of the lowest type, 
creatures greatly resembling polyps, and formerly 
classed as such. 

The Timicata are sac-like animals, enclosed in a 
second sac, having no calcified shell, nor any distinct 
head ; but they are provided with well-marked respi- 
ratory and digestive organs. Creatures included in 
this class are exclusively marine animals. 

Conchifera, comprising two orders,* includes animals 
that are also acephalous, but possess a bivalved shell, 
to which they are attached by one or more muscles. 
Eespiratory organs exist in the form of branchiae ; and 
two common shell-fish, the oyster and cockle, may 
serve as examples of the class. 

Pieropoda. — Animals of this type are marine ; some 
are provided with a shell and all have a distinct 
head, and possess peculiar organs of locomotion, in the 

* Lamellibraiichiata and Brachiopoda. 
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form of lateral fins. Sea-butterflies is a name applied 
to these animals, on account of their fin-like arms, 
and the rapid movements they make with them. 

Gasteropoda. — Animals grouped under the name of 
Gasteropoda, have a foot-like process on the ventral 
surface, usually a conical, univalved shell, and respira- 
tory organs adapted in some for breathing air, in others 
for living in water. Limpets and snails belong to this 
class. 

Cephalopoda, or the cuttle-fish tribe, comprises 
animals furnished with either two or four gills, and 
certain appendages to the head serving aa organs of 
locomotion. Some Cephalopods possess a shell, but 
others want this covering ; as examples of the class, 
the cuttle-fish and nautilus may be taken. 

In the Mollusca and following sub-kingdoms, a 
certain relation in the position of the vascular, ner- 
vous, and alimentary systems^ can be traced ; thus, 
in the Mollusca, the vascular, or JuBmal centre, is on 
the dorsal surface of the animal, and the nervous or 
neural on the ventral, the alimentary canal being in 
the middle. 

Aeticulata, or, as it is sometimes called, the An- 
nulosa, on account of the arrangement which pertains 
in this sub-kingdom, namely, that of the division of 
the bodjr of aiiimals included in it into segments. 
In the lowest forms of Articulata, however, this seg- 
mentation is not observed. 

The position of the hssmal and neural system is 
like that of the Mollusca ; the hemal centre being 
situated on the dorsal, and the neural on the ventral 
surface of the body. Externally, there is a tegu- 
mentary or dermo-sheleton^ sometimes soft, as in 
worms ; sometimes hard, as in crabs and lobsters ; but 
no internal skeleton is ever developed. 

The muscles or motive organs are arranged inter- 
nally, acting on the external parts, locomotion being 
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produced by a number of hairs attached to the body 
extemaUy when feet are wanting. 

A tolerably perfect vascular system is present in 
the higher forms of Articulata, circulation oeing car- 
ried on either by contraction of the blood-vessels 
themselves, as is the case in the leech ; or by means of 
a distinct heart, as in insects. 

The alimentary canal is divided in a manner similar 
to that of molluscs, and the nervous system consists 
of a number of ganglia, connected by nervous cords, 
a rudimentary brain appearing in the oesophageal 
ganglion, which is frequently larger than the rest. The 
organs of special sense are considerably developed, es- 
pecially, for instance, the eyes of insects ; and a respi- 
ratory apparatus in the form of gills, or, more com- 
monly, as sacs communicating with the air, is present. 
The generative system in this sub-kingdom is highly 
developed, but reproduction sometimes takes place by 
gemmation or budding. 

The principal divisions of the Articulata, are the 
Eotifera, Echinodermata, Annelida, Myriapoda, 
Crustacea, Insecta, and Arachnida. 

Botifera. A class remarkable for the low type of the 
animals it contains ; amongst them may be mentioned 
the rotifer, which derives its name jfrom a number of 
revolving wheels surrounding its mouth. 

Echinodermata, contains beings termed encrinites 
resembling the hydra, but having a calcareous shell ; 
another subdivision is the Asteriadae, included under 
which is the star-fish, an animal having a calcareous 
shell and possessing what is termed a water vascular 
system. 

Annelida comprises the various kinds of worms, 
which may be arranged according to their possession 
of branchiae ; the Abranchiata and Branchiata. To the 
former, the leech and earth-worm belong, and to the 
latter, the nereis and serpula. 

The body of annelids is composed of a number of 
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segments or somites, usually provided with rows of 
hairs projecting laterally ; the leech, however, has a 
smooth skin, and a body made up of about thirty 
somites, with a sucker at either end ; its mouth is 
furnished vdth three jaws and sixty teeth, twenty in 
each jaw ; the mouth leads to a complete alimentary 
canal, and, in addition, a vascular system is present, 
consisting of a dorsal and two lateral blood-vessels, 
conveying red blood. The nervous system comprises 
twenty-one pairs of ganglia, connected by nervous 
cords ; and this arrangement of the nervous masses is 
common to the Annelida generally. Lastly, in the 
leech both sexes are united in one animal, such 
creatures being termed hermaphrodites, 

Crustacea, — In this and the following classes, a true 
heart is found, and also true blood-vessels. The ex- 
terior of the body is protected by a hard articulated 
skeleton, such as is seen in crabs and lobsters; and 
all crustaceans are grouped according to the number 
of their segments, one order having fourteen or less, 
and another twen^-one segments. 

Myria.poda is divided into two orders : Millepedes 
and Centipedes ; the first containing animals allied to 
worms ; the latter, creatures resembling insects. The 
breathing apparatus is now arranged along the sides 
of the body, a communication with the external air 
taking place by pores. 

Insecta is a most varied class, the animals included 
under it possessing a highly developed organization. 

Insects may be classed either according to the 
arrangement of their jaws, whether sucking or chew- 
ing ; or according to the number and character of the 
wings they possess, as Aptera, (vdngless), Diptera 
Neuroptera, &c. In insects a distinct marking exists 
between the body or thorax, and the head and abdo- 
men, and the number of their legs is usually six. 

Arachnida comprises such animals as the spider 
and scorpion, creatures greatly resembling insects, 
but provided with visual and respiratory organs 
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differing in construction. The number of their legs 
is usually eight, and there is also an apparatus for the 
formation of silk, enabling these creatures to spin a 
web. 

Veetebeata. — Ranking far above all other divi- 
sions of the animal kingdom is the Vertebrata^ 
with man, and animals most resembling him, at its 
head. In this sub-ktugdom, the predominance of the 
nervous system, and the possession of an internal or 
endo-skeleton, afford marked characteristics ; moreover 
j^^ ^ in all vertebrate ani- 

Amals, the endo-ske- 
Neural spine. l^^On, which is SOme- 
times osseous, some- 
§ % ^, ^ times cartilaginous, 
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cular system. Added to these, are diverging append- 
ages' which assist in completing the structure of the 
bony frame ; thus, from either side spring processes 
called pleurapophyses, which when completely deve- 
loped, unite with the hsemapophyses or lateral portions 
01 the haemal arch, forming the ribs and enclosing the 
thorax. In this way the entire osseous frame is con- 
sidered to be formed from a longitudinal series of 
vertebrsB, each vertebra being composed of a body, 
arches, and appendages, which in different parts of 
the column may be very unequally developed ; thus, 
it has just been shown how the ribs and bony walls 
of the chest are produced ; and in the same way, the 
vertebral at the upper extremity of the column are 
greatly expanded and modified, forming the skull ; in 
like manner, the pelvis is developed at the lower end. 

The nervous system in vertebrate animals is com- 
plex, consisting of numerous nerves, given off from the 
brain, spinal cord, and sympathetic ganglia. 

The organs of digestion and circulation are entirely 
distract, and a very perfect glandular system exists, 
comprising a pancreas, spleen, liver, and kidneys. 

There is also a very complete respiratory apparatus, 
consistiug of lungs, or some analogous arrangement. 

The two sexes are never united in one animal, but 
are always distinct, and, with one exception,* every 
animal in the sub-kingdom has red blood. 

Yertebrata are divided into four great classes, 
Fishes, Eeptiles, Birds, and Mammals. 

Fishes possess either osseous or cartilaginous bones, 
not differing much in arrangement from the typical 
method already described; the haemal arches are far 
more developed than the neural, and the vertebrae of 
the spinal column are loosely connected, presenting 
large intervertebral spaces filled with gelatinous 
matter. 

Fishes have no necks, and their anterior extremities 

* The amphioxus. 
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or pectoral fins are attached just behind the head« 
No sternum or breast bone is found in animals of this 
class, but all are provided with a considerably de- 
veloped dermal skeleton, consisting of fins and scales, 
the latter occasionally being osseous, as in the 
sturgeon. The brain in fishes is small, and the sen- 
sory part of the nervous system preponderates. The 
respiratory apparatus consists of gills adapted for ex- 
posing the blood circulating in them to the action of 
the air in the water, which, entering the mouthyimsses 
out again through the giUs. The digestive appj|||E^J^jyi(. 
in some fishes permits the food to regurgitate" aj^j^J^. 
triturated by teeth placed in the throat or pharyn% 
but if the OBSophagus is long, as in the shark, thfii' 
regurgitation does not takes place. A glandular 
system, consisting of a well- developed liver, is con- 
stantly found, and, in some instances, a spleen, and 
pancreas. Most osseous fishes are provided with ft 
swim-bladder, which is a hollow bag containing air, 
and homologous to the lungs of other vertebrata ; but 
its use in fishes is to assist them to rise or sink, by 
varying the quantity of air in the sac by compressing 
its walls. 

The vascular system will be described in the chapter 
on circulation. The organs of special sense are not 
so highly developed as in the higher vertebrata, and, 
as a general rule, cartilaginous fishes are of a lower 
type than osseous. 

Rattles. — Animals included in this class are cold- 
blooded, and, for the most part, endowed with a low 
degree of vitality, being sluggish in their habits, fre- 
quently passing the winter months in a state of torpor. 
Many of these animals have a very flexible spinal 
column, composed of a large number of vertebraB, and 
some are provided with a prolonged breast bone or 
sternum, though in others it is wanting. Eioptiles 
have a neck separating the head from the body ; their 
circulation is single, and the nervous system, especi- 
ally the brain, but little developed. The class may 
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be divided into four orders : Chelonia, Sauria, Ophidia, 
and Batrachia. 

Chelonia — the turtle and tortoise tribe — ^includes 
animals provided with four feet, and a protection for 
the body formed by two bony plates, that on the back 
termed the carapace, that on the chest the plastron ; 
the latter consisting of an excessive development of 
the sternum and ribs. 

Sauria, or lizards, have either four or two feet, and 
a body covered with scales, the skin in some species 
possessing the peculiar power of changing colour 
when the animals are excited. The internal skeleton 
is provided with a long spinal column composed of 
many vertebrsB, the greatest number being in the tail. 
The ribs, which are movable, commence in the neck 
and join a very prolonged sternum in front. 

Ophidia, or serpents, possess an extremely elongated 
body, destitute of feet, but frequently covered with 
scales. The skeleton consists of a very long spinal 
column, connected with a great number of ribs but 
having no sternum. Serpents possess a peculiar power 
of opening their jaws to a great extent, and are often 
provided with poison bags or glands situated under 
the eye, the venomous fluid being poured out through 
an opening in one of the teeth. 

Batrachiay or the frog tribe, comprises animals 
which, in their early stage of existence, . respire by 
means of gills or branchisB in addition to the lungs ; 
but in their more advanced state of being the branchisB 
are lost, and the lungs alone act in respiration — a meta- 
morphosis seen in the change from the tadpole to the 
frog. Batrachia possess a skeleton with a shortened 
spine, without a tail, the ribs also being wanting ; the 
skin is smooth, destitute both of scales or shell. The 
circulatory apparatus differs in the orders just enume- 
rated, the anunals contained being greatly affected by 
vicissitudes of temperature, and possessing but a low 
development of the organs of special sense. 

Biros. — ^The class Aves comprises animals which, io. 
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their plan of organization, present a marked similarity. 
The skeleton of birds consists of a spinal column with 
a variable number of vertebraB in the neck, and a short 
osseous tail sufficient only to support the tail feathers. 
The skull is a complete bony case, and the ribs are 
prevented from too firee movement by spur-like pro- 
cesses called " diverging appendages." The sternum 
is always strongly developed, covering in the whole 
front of the chest and part of the abdomen, giving at- 
tachment to the under muscles of the wings. At the 
top of the chest are the two clavicles or collar boneSy 
united into an arch called the ^^furcula*^ stretching out 
between the wings, keeping them more or less widely 
apart according to the power of flight. Wings are 
the upper extremities, or arms and hands of birds, 
developed and adapted for the purpose of locomotion 
through the air. The bones are hollow, containing 
air, giving lightness to the whole frame. As a general 
rule, the bodies of birds are covered with feathers 
destined to defend them from the rapid changes of 
temperature to which they are exposed. The feathers 
are excessively developed on the tail and wings, usually 
providing a broad expansion of surface to act on the 
air in flight. The beak varies in different tribes, being 
" hooked" in all birds of prey. 

The vital endowment of birds is considerable as 
their activity is great. The vascular and nervous sys- 
tems are much more elaborately developed than in 
reptiles. Eespiration is carried on by means of lungs, 
the cavity of the chest communicating with the hollows 
in some of the bones of the wings. The digestive or- 
gans are peculiarly arranged, and will be afterwards 
noticed. 

Mammah. — ^At the head of the animal kingdom is 
the class Mammalia, including man and animals whose 
organization is far more perfect than that of any other 
class. The name mammal is derived from two glands, 
or mammgB, situated on the breasts of both male and 
female, largely developed in the latter, enabling them 
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to suckle their young. Mammals have a spinal column 
composed of vertebr», divided into various regions ; 
the number of vertebrcB in the cervical region or neck 
is almost universally seven ; in the back or dorsal re- 
gion it varies from eleven to twenty-five ; in the loins 
and tail there is a considerable difference, the number 
in the tail varying from four to forty-five. The skull 
or cranium is always articulated to the spinal column 
by a kind of pivot ; the upper jaw is fixed, the lower, 
formed of two portions, being movable. The teeth 
are very characteristic, varying according to the food 
on which the animal is destined to live. The chest, or 
thorax, is composed of ribs united to a sternum, vary- 
ing in the extent of its development. Arms and legs 
always exist, except in the Uetacea or whale tribe, 
where the anterior extremities are merely fins, and 
feet entirely wanting. The blood of all mammals is 
warm, but L they a^ not so active in their habits as 
birds, their circulation is slower, and the requirements 
for nourishment less constant. The lungs are double, 
enclosed in the thorax, which is separated from the 
abdomen by a partition or diaphragm. The nervous 
system and organs of special sense are completely de- 
Teloped ; the vascular system is double, consisting of 
a heart with four chambers, and two sets of vessels, 
called arteries and veins. The alimentary canal varies 
in its arrangement in difierent orders, but in all it is 
very complete, and more or less complex. Mammals 
may be divided into Placental and Implacental ; or 
those in which the young are nourished and perfectly 
developed in the uterus of the parent, and those which 
bring forth their young in a state of incomplete devel- 
opment. 

Implacental Mammals. — Under this sub-class two 
orders are grouped, the Monotremata and Marsupi- 
alia. 

Monotremata. — As an example of the order, the 
omithorhynchus may be cited, an animal found only 
in Australia, inhabiting marshy grounds and rivers « 
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In form it somewhat resembles a seal, with webbed 
feet to assist it in swimming, and a broad bill closely 
resembling that of a duck. The anatomical structure 
of the animal is very peculiar, the mammary glands 
being developed in a very rudimentary manner, but 
their presence is sufficient to determine the position 
of the creature in the animal scale. 

Maraupialia, or pouched animals, as the opossum 
and kangaroo, bring forth their young before they are 
completely developed, or even capable of movement. 
Whilst in this condition, the young attach themselves 
to the numerous mamm» of the parent, being pro- 
tected by a pouch of skin which extends over the 
abdomen of the mother. This pouch is supported by 
means of two peculiar bones springing from the pubis, 

Placental ifcjw^;w5^.— rContained under this sub- 
class are the Cetacea, Pachy dermata, Euminantia, Eden- 
tata, Eodentia, Camivora, Cheiroptera, Quadrumana, 
and Bimana. 

Cetacea are animals resembling fish in their outward 
appearance, but possessing the characteristics of mam- 
mals ; thus, they are provided with mamm», respire 
by means of lungs, and have warm blood circulating 
in their bodies. As they breathe by means of lungs, 
they are frequently compelled to come to the surface of 
the water in which they live, to take in a fresh supply 
of air. The neck is very short, though it contains seven 
vertebrae ; and the anterior extremities, in the form of 
fins, are alone present, attached close behind the head. 
Some Cetacea are herbivorous, as the Halicore dugong, 
siren, or sea cow, and often leave the water to seek 
food on land ; others, as the whale, are provided with 
a peculiar apparatus for ejecting the water that enters 
the mouth at the time they seize their prey; the 
water passes through the nostrils into a sac, whicli is 
capable of being compressed by powerful muscles, 
and is thence violently expelled through a small aper- 
ture at the top of the head, the act being termed 
" blowing." 
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JPachydermata, or thick-skinned animals, such as 
the hippopotamus, elephant, &,nd hog, are all more or 
less herbivorous. Some animals ot this order have 
feet terminated by two or four toes, as in the wild 
boar and hippopotamus ; whilst, in others, the feet end 
in a single toe, covered by a hoof, as in the horse and 
zebra. Lastly, the order contains animals called " pro- 
boscidians," provided with a snout or proboscis as 
the elephant. 

Buminantia includes the camel, deer, giraffe, &c., 
animals which have the power of masticating their 
food a second time, termed chewing the cud. Rumi- 
nating animals mostly possess horns springing from 
the head, and are provided with cloven feet. 

Edentata are quadrupeds wanting front, cutting, or 
incisor teeth, their food being chiefly vegetable. In- 
cluded in this order are the armadillo, sloth, anteater, 
&c. 

Itodentia are animals provided with two large in- 
cisor teeth in the front of each jaw, and feed entirely 
on vegetables, as the squirrel, rat, hare, &c. 

Carnivora possess both cutting and grinding teeth, 
their food bemg of a mixed kind . Carnivorous animals 
may be divided into Aquatic, or those that are amphibi- 
ous, as seals; Digitigrade, or animals that walk on 
their toes, as the dog, hyaena, cat, &c. ; Plantigrade, 
where the whole sole of the foot is placed on the 
ground in walking, as in bears, badgers, &c. ; In- 
sectivora, comprising animals like the mole and hedge- 
hog, their principal food being insects, many of them 
leading subterraneous lives, and passing the winter in 
a state of torpor. 

Cheiroptera are distinguished by the possession of a 
membrane extending from the neck to the end of the 
toes, enabling them to support themselves in the air. 
Like birds, they are provided with very strpng clavicles 
to keep the upper extremities apart. TJnder the 
order Cheiroptera rank various kinds of bats. 

Quadrumana comprises animals with four hands, as 
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monkeys, apes, &c. — creatures which greatly resemble 
man in their anatomical* structure. 

Bimana contains but one representative, namely, 
man. 

Amongst mammalia, the order Bimana holds the 
highest rank, being represented by the various races 
of mankind ; and though another order of mammals — 
Quadrumana — is classed according to the possession of 
a certain number of hands, still the character of the 
hand of man derives a special peculiarity from the 
very perfect opposing action the thumb has to the 
finge rs ; a characteristic which is only very slightly 
marked in the hands of other animals, as in monkeys. 
The length of the lower extremities in man, and the 
position of the foot at right angles to the leg is 
remarkable, and also the method of walking, by which 
the weight of the body can be borne on one leg at a 
time. 

In man the erect posture and broad hips, together 
with the peculiar position of the face beneath the 
brain, so that its n*ont and the forehead are in the 
same plane, contrasts in a marked manner with the 
posture, the narrow hips and projecting face of apes 
and monkeys, animals which, in many respects, ana- 
tomically resemble him. The size of a man*s face 
also bears a small proportion to that of his whole head, 
and though the brain does not differ much in con- 
formity from that of some animals, it is larger in 
proportion to the area of the body, and to the number 
of nerves given off from the spinal cord. 

Temperature has a much less effect on man than on 
most animals. His food, too, is of a much more 
varied description, and his teeth are of a more uniform 
length. 

Lastly, '^he is endowed with reason, and possesses 
an immort^d soul." 

The characteristic of an endo-skeleton is common to 
vertebrata. An internal skeleton or framework of 
bones serves as a support for the soft parts, the 
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muscles being arranged with a view to their action on 
the various bones to which they are attached. The 
bones themselves are so arranged that they not only 
afford support and attachment for the muscles, but 
also serve to protect the more important organs, as 
the brain, lungs, heart, and great blood-vessels. In 
man, the osseous framework consists of a spinal 
column, from which spring a number of arehed bones 
called ribs, enclosing a cavity — the chest or thorax. 
Surmounting the spine is the skull or cranium — a bony 
case for the preservation of the brain and organs of 
sense. At the lower extremity of the column is a 
broad expansion of bone called the pelvis, and articu- 
lating with this are the lower limbs, by means of the 
thigh-bone or femur. The upper limbs articulate with 
the scapulse or shoulder-blades. 

The spinal column in man is composed of twenty- 
four distinct rings of bone called vertebr», held to- 
gether by strong bands of ligaments, and by an elastic 
substance called the intervertebral substance, or car- 
tilage. The column is not straight, but has a series 
of curves so arranged that any force applied shall be 
resolved, and not directly be transmitted to the head. 
The first seven vertebraB are termed cervical, and form 
the neck ; the next twelve are the dorsal, and the re- 
maining five lumbar. The size of the vertebrae be- 
comes greater from above downwards ; and at the lower 
extremity of the spine is an expansion of bone formed 
by amalgamated vertebrae, called the sacrum. 

The spinal column affords protection to the spinal 
cord or marrow which runs down the centre, and 
also gives attachment to the ribs and muscles of the 
back, keeping the body erect by the manner in which 
it articulates with the pelvis, and that with the lower 
extremities. 

The ribs, twelve in number on each side — seven true, 
and five false — ^form the chest, springing from the spine 
behind, and meeting in the front at the breast bone or 
sternum ; the spaces between the ribs are occupied by 
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muscles (intercostals), and thus a cayity is fonned 
which contains the heart and lungs. This ca^dty is 
shut off from the abdomen by a strong muscular parti- 
tion called the diaphragm. iBeneath the thorax is the 
abdominal cayity, extending from the diaphragm to 
the pelyis, and shut in all round by muscular walls, 
the abdominal muscles. In this cayity are situated, 
on the right, the liyer ; on the left, the spleen ; in the 
centre, the stomach and pancreas ; behind, on either 
side of the spine, one of the kidneys ; and occupying 
the remaining space, the intestines. In the cayity of 
the pelyis is the bladder. 

Thus it will be seen that the cayity of the chest is 
quite distinct from that of the abdomen ; the yessels, 
neryes, &c., that pass from the ch^st into the abdomen, 
haye, therefore, to perforate the diaphragm. There is 
no such division between the abdominal and pelyic 
cayities, which communicate altogether, and, in fact, 
form one great cayity. 



Peotozoa 



THE ANIMAL KINGDOM, 
r Astomata. 



\ Stomatoda. 



CcELENTEBATA f Hydrozoa. 

t Actinozoa. 



MOLLTTSCA 



ARTICriiATA * 



"Bryozoa. 

Tunicata. 

Conchifera. 

Pteropoda. 

Gasteropoda. 

Cephalopoda. 

Rotifera. 
Echinodermata. 
Annelida. 
Crustacea. 
Myriapoda. 
Insecta. 
^Arachnida* 



GENEEAL VIEW OF THE ANIMAL KINGDOM. 



25 



Veetebbata 



Pisces. 



Reptilia ...^ 
Aves. 



''Chelonia. 

Sauria. 

Ophidia. 
^Batrachia* 



-Mammalia * 



T 1 i. 1 f Monotremata. 
Iinplacental...|jj^^pj^ 

^Cetacea. 
Pacbydermata. 
Ruminantia. 
Edentata. 

Placental •{ Rodentia. 

Camivora. 
Cheiroptera. 
Quadrumana. 
Bimana. 

N.B. — The above table shows only the divisions of the animal 
kingdom so far as the previous description has extended. 

Smnma/ry, 

The animal kingdom having thus been briefly 
sketched, rather with a view of showing the general 
plan of arrangement observed amongst organized 
beings, than of entering into any detailed account of 
particular animals included in the various classes, sub- 
classes, and orders, we may now proceed to consider 
more fully the anatomy and physiology of the human 
subject, examining all parts of the body with greater 
care, and referring also to their actions and functions, 
at the same time taking notice of the more marked 
variations in the lower animaJs. 

But before commencing an anatomical description 
of the human jframe, it will be necessaiy to dwell 
briefly on the principal chemical compounds entering 
into its organism, and the various tissues making up 
its structure. 
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OF THE CHEMICAL COMPOSITION OF THE 

HUMAN BODY. 

The human body is composed of various organic 
and inorganic compounds, and these, together with 
the changes they undergo, will next be noticed. The 
principal inorganic compounds in the tissues are water 
and the salts of lime. 

Water enters into the composition of the ftnimul 
frame to so great an extent, that the weight of the 
body can be reduced two thirds by evaporation. But 
all the contained structures do not possess an equal 
amount ; thus, the softer tissues contain a larger quan- 
tity of water than the harder ; for example, brain sub- 
stance contains 80, muscle about 70, and bone only 
10 per cent. 

The use of this fluid in the body is to render the 
various tissues supple, and to assist in the chemical 
changes that occur ; it aids also in dissolving the food 
when introduced with it into the stomach, and enables 
the process of absorption to take place more readily. 

The most important salts that exist in the body are 
phosphate and carbonate of lime. 

Phosphate of Lime forms the great bulk of bones 
and teeth ; in the former, as much as 40 to 60 per 
cent, is present, and in the enamel of the latter about 
90 per cent, is found. This salt exists also in small 
quantities in cartilage and muscle, and constitutes the 
chief part of the shell of crustaceans. 

Carbonate of lAme is likewise found in bones and 
teeth, and is the principal component of the shell of 
molluscs. 

Chloride of Sodium enters into most tissues of the 
animal frame ; albumen partly owes its solubility to 
its presence, and it is contained in muscle, cartilage, 
blood, &c. 

Phosphate of Magnesia and Fluoride of Calcium are 
found in smidl quantities in bones ; the fluoride has 
also been detected in the blood and milk. 
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Silica has beQn traced in the hair; but though it 
enters largely into vegetable tissue, it does not exist 
elsewhere in the body. 

Iron, JSydrochloric Acid, and Carbonate ofMagnetia 
are also found in some of the animal tissues and fluids. 

All these inorganic compounds are taken into the 
body with the food and drink, and are acted upon after- 
wards either by contact with other salts or by the oxy- 
gen of the air, forming new affinities and combinations. 



OF THE OEGANIC COMPOUNDS IN THE 

BODT. 

The organic compounds in the human frame may be 
divided into four classes : the Albuminous, Oleaginous^ 
Gelatinous, and Saccharine. 

ALBiTMrNoxrs Peih^ciples consist of Albumen, Fi- 
brine, Caseine, and Globuline — aU known as protein 
compounds, containing oxygen, hydrogen, nitrogen, 
and carbon, in nearly the same proportions. Certain 
characters are possessed by these compounds in com- 
mon ; thus, they are met with both in the solid and 
fluid form ; they all contain sulphur, decompose readily, 
and are soluble in water, though not in alcohol. 

Albumen may be regarded as the type of the entire 
class, and can be obtained nearly pure in the form of 
" white of tgg ;" it occurs very largely in the body, es- 
pecially in the nutritive fluids, as the blood and lymph, 
and from it, in combination with fatty and mineral mat- 
ter, the tissues are generated. Albumen coagulates by 
heat, and is precipitated by nitric and sulphuric acid. 

Caseine constitutes the chief ingredient in the milk 
of mammals ; it differs Uttle from albumen in chemi- 
cal composition, but does not coagulate easily by heat, 
and has a very different action with lactic and acetic 
acid. Caseine is not soluble in water, unless an alka- 
line or earthy base is present. 

Mbrine may be ranked as " vital," for it ahovi^ \k 
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tendency to pass into an organize^ state spontane- 
ously. Muscle is principally composed of fibrine, and 
it exists in a fluid state in the blood, coagulating when 
that fluid is drawn from the body, or when the being 
in whose vessels it flows dies. 

Glohuline is one of the constituents of the blood 
coq)uscles ; its chemical composition resembles that 
of the substances already mentioned, and intimately 
united with it is a substance called JuBmatine, which 
is supposed to contain iron, and to assist in colouring 
.the blood corpuscles. 

Gelatinous Compounds. — When the bones, ten- 
dons, and skin of animals are boiled, a semi-solid sub- 
stance is yielded, which on cooling becomes hard and 
brittle ; this substance is termed gelatine, of which two 
forms exist, glutine or gelatine proper, and chondrine. 

Olutine is derived from bone and white flbrous 
tissue, and gelatinizes so strongly, that one part in a 
hundred forms a jelly. Tannic acid precipitates it, 
and it is readily affected by decomposition. 

Chondrine resembles glutine in its general proper- 
ties, but is obtained only from cartilage. Both glutine 
and chondrine contain oxygen, hydrogen, nitrogen, 
and carbon, very nearly in the same proportions. 

Oleaginous Peinciples. — Fatty matter is non- 
azotized, that is, contains no nitrogen. The fatty 
substances which present themselves in the greatest 
abundance in the human body are margarine and 
oleine ; but in other animals the former is commonly 
replaced by stearine. 

Ma/rgcmne is a white substance, found chiefly in 
human fat, but existing in small quantities, in com- 
bination with stearine, in the fat of the lower animals, 
margarine melts at 118° Fahr. 

Stearine much resembles the preceding, and melts 
at 114° Fahr. 

Oleine exists only in small quantities in fat, but 
forirfs the principal part of fixed oils. Stearine and 
margarine are both dissolved in it at the ordinary 
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temperature of the body. The saponification of the 
three substances just mentioned gives rise to acids 
with similar names. If the fat of animals is saponi- 
fied, glycerine is produced — a faintly yellowish fluid, 
with a sweetish taste, which may be regarded as the 
base of all the fatty acids. It contains carbon, 
oxygen, and hydrogen ; its solvent power is little in- 
ferior to that of water, and as an article of diet it is 
very nutritious. Oleaginous matter is found in adipose 
tissue, also in blood and chyle, its chief use being to 
aid in maintaining the animal heat. 

Saccharine Compounds assist in the calorifying 
process. Sugar is found in the blood and chyle, where 
its presence seems to depend on the existence of starch, 
or sugar itself, in the food. In certain diseases, the 
urine is found to contain saccharine matter, and it has 
lately been discovered that the liver has the power of 
generating sugar. 

Gliicose or grape sugar, such as is found in blood, 
difiers considerably from common cane sugar, being 
much less sweet, and only half as soluble, and also 
less disposed to crystallize. 

Olucose or gra/pe sugar C12H14O14. 

Cane sugar CjaHuOii. 

Lactic acid is closely related to sugar, and has been 
detected in the blood ; it is, moreover, a constituent 
of the gastric juice, besides existing, occasionally, 
in the urine, sweat, and possibly in the bile. 

Table sHowiNa the chemical compounds enter- 
ing INTO THE FOEMATION OF THE TISSUES OF THE 
HUMAN FEAME. 

Inorganic Cotn^ounds in the Body, 

Water. 

Phosphate of lime. 
Carbonate of lime. 
Chloride of sodium. 
Phosphate of magnesia. 
Fluoride of calcium. 
Silica. 
Iron. 



30 



ANIMAL FHTSIOLOar. 



Azotized, 

or 

Nitrogenous 

compounds. 



Hydrochloric acid. 

Carbonate of magnesia. 

Sulphur, phosphorus, potash, and soda. 

Organic Compounds in the Body, 

Albuminous f Albumen, casein, fibrin, 
compounds \ globulin — 0,H,N,C. 



Non-azotized, 
or 

Non-nitrogenous * 
compounds. 



Gelatinous fGlutin and chondrin, con- 
compounds \ taining 0,H,N,C. 

Oleaginous f Margarine, stearine, and 
compounds \ oleine, containing 0,H,C. 

Saccharine / Glucose and lactic acid, con- 
compounds \ taining 0,H,C. 

ExcrementitioTis Substances are those that pass out 
of the system after having been eliminated by the 
excretory organs of the body. Of these, two groups 
may be formed, one possessing nitrogen, and the 
other carbo-hydrogen in excess, constituting the chief 
components of the urinary and biliary excretions. 

Tne most important excrementitious substance is 
urea C2H4N2O2, found in the urine, blood, and the 
various fluids separated from the blood. It forms 
colourless crystals, readily soluble in water, having a 
saltish taste, easily uniting with many salts, and is 
excreted in large quantities from the body. 

LitMc or Uric Add exists in the urine, usually- 
combined with ammonia. The quantity of this acid 
is rather less than one in a thousand parts in human 
urine, its place being supplied by hippuric acid in the 
urine of herbivorous animals. The chemical compo- 
sition of lithic acid is CiQH4N40g. 

Analysis of Urine, 

Water 950*0 

Urea 13-2 

Uric acid -8 

Salts of soda. 

Potash and ammonia, with ex- " 36*0 

tractive matter. J 

1000-0 
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The specific gravity of healthy urine in the human 
subject IS from 1015 to 1025, water being taken as 
1000 ; and the quantity passed during the day, is in 
summer, about 30, and in winter, about 40 ounces ; 
the quantity of urea contained in the urine passed in 
twenty-four hours amounting to neariy 400 grains. 



OF CELLS AND CELL LIFE. 

The forces that exercise their influence in the living 
body, are either physical or vital ; the former, regu- 
lated by laws already known to us, the latter exhibit- 
ing phenomena which cannot be accounted for by 
physical science, and found only in living beings, 
manifest alone through the medium of organized 
structure. In the vegetable kingdom, and in some 
of the lowest forms of animals, the whole fabric is 
composed of cells, but in the higher scale of beings, 
Jihres and membranes are added. 

A cell, whether animal or vegetable, is a vesicle 
or shut sac of membrane, filled with some kind of 
matter, containing a granular body, called the nucleus, 
which either floats in the cavity or is attached to the 
wall of the cell. 

The form of cells is ^^ — "n,^ Ceii wau. 

various ; if in a fsee state, / •— >^-_\ Nucleus. 




usually spheroidal, but ( (•H — j Nucleolus. 

when in close CjC^lktact ^\^ -jr Contents of ceU. 

they frequently become 

polygonal. They also Simple ceiL 

exist as flattened discs — the blood corpuscles for ex- 
ample — or fusiform in shape, as in muscular fibre. 
Their diameter varies from the sis^^ to the T^iTru*^ 
of an inch. 

Structure of cells. — The cell wall appears to be a 
delicate, structureless membrane, holding together the 
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a 



contents of the cell, but permitting the transudation 
of fluids by endosmotic action. 

The contents of cells are very various, being either 
fluid or solid, and the ingredients contained, as milk, 
bile, &c., give different endowments to the parts 
where the cells are found. 

Nuclei of cells are granular in structure, commonly 

of a round form, about ^^Vtt*^ ^^ ^^ ^^^ "^ diameter, 
and occasionally presenting a distinct central body 
or corpuscle, called the nucleolus. Every cell has a 
separate existence, and is developed either from an 
original blastema, or by subdivision of a previously- 
existing cell. 

The multiplication of cells by division gives rise to 
2, 4, 8, 16, 32, &c., new cells. At the commencement 

of the process, a 
slight elongation of 
the cell takes place, 
owing to a tendency 
in the contents to 
separate into two 
halves ; the cell wall 
gradually folds in, till 
at length the divi- 
sion is complete, and 
two fresh cells are 

Formation of two new cells by the division formed. Very fre- 

of the original ceil : a, a. cells before division ; queutlv, fission takeS 

i, 0, and c, vanous stages of the process ; dy for- ^, • xi i 

mation of four cells by repetition of the same plaCC in the nuCleUS, 

P'^*^^- drawing the cell con- 

tents into two parts, and the wall either folds in as just 
stated, or a new wall forms round each part of the 

nucleus, pro- 

^ ^ ducing two new 

cells in the 

parent cell, and 

Multiplication of a cell by division of the nucleus. Higtendini? it fill 

the original cell wall cannot be distinguished. Where 
more rapid growth takes place, the nucleus divides 
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into several portions, and numerous cells are generated 
in the old cell. On the other hand, where development 
takes place from blastema, minute molecules first ap- 
pear to aggregate, and form a little rounded mass or 
nucleus, from which the cell originates, the wall rising, 
as it were, from the nucleus. 

Lastly, cells may be formed from single particles 
in blastema, without the existence of any nucleus. 
Cells, therefore, originate in a fluid substance called 
"a blastema," or germ fluid; and the changes that 
take place in the chemical composition of the cell 
contents, the subdivision into new cells, and the altera- 
tion in form, are the chief manifestations of cell life. 
When cells become matured, they die, by gradually 
dissolving; or the cell wall bursts, and forms a 
" secretion," by permitting the contents of the cell 
to escape. ' 

jP*ftre«.— *Some physiologists contend that fibres 
are made up of cells which have undergone elonga- 
tion or fusion ; others, that they may be generated 
by a process called "fibrillation,' in the original 
blastema. 



or THE PEIMAET TISSTTES OE THE 

HUMAN BODY. 

"When cells become aggregated, and fibres blended 
or interlaced, structures are formed, from which the 
various tissues are produced, and the different tex- 
tures existing in the body held together. Elasticity, 
combined with a certain degree of mrmness, is required 
in these connective tissues ; at the same time it is 
necessary that free movement should not be hindered, 
though the parts that they serve to unite must be 
held in sufficiently close contact to prevent any per- 
manent displacement. 

Areolar, or Cellular Tissue is that texture which is 
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found in the greatest abundance throughout the body ; 
it serves to hold other textures together, enveloping 
the blood-vessels, nerves, and lymphatics, entering 
into the composition of muscle, and filling up spaces 
between different organs. 

In structure, this important tissue consists of a 
number of delicate filaments arranged in a net-vrork, 
the interstices forming cells containing a very thin 
albuminous fluid resembling the serum of the blood 
diluted. Areolar tissue is very elastic, and has a 
vascular supply ; but no nerves have been traced in it, 
except those that pass through, en route to other 
organs. The fibrous portion of this tissue consists of 
a mixture of tviro others, called white and yellow fibrous 
tissue. 

White Mhrous Tissue is formed of wavy inelastic 
fibres, of a white colour, having a tendency to tear 
lengthways. The size of the fibres is not determined, 

but distinct fibres of about the ^?y,jjxyTy*^ ^^ ^^ ^^^^ ^ 
diameter have been observed. This structure is 

Eenetrable by few vessels, or nerves, and seems to 
ave but a small amount of vital endowment, yet, 
when injured by accident or disease, is very rapidly 
repaired. Gelatine is nearly the sole component of 
the tissue, which forms almost the whole bulk of 
the tendons, ligaments, and fibrous membranes. The 
chief mechanical property of the texture is to resist 
tension without yielding. 

Yellow Mhrous or Elastic Tissue consists of cylindri- 
cal fibres of a yellow colour, about ^xjVi^*^ ^^ *^ ^^^ ^ 
diameter, havmg a tendency to curl up when broken 
abruptly. A very small quantity of gelatine enters 
into the tissue, which is found chiefly in the coats of 
arteries and the ligaments of the larynx. Elastic 
tissue derives its name from the possession of the 
property of great elasticity combined with that of 
resistance. 

Synovial Membrane is found surrounding joints, 
being composed chiefly of the areolar tissue, covered 
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on the inner surface with a layer of cells. This 
membrane is very perfectly supplied with blood, and 
secretes freely a fluid called synovia, which lubricates 
the opposing surfaces of articulations. 

Serom Membrane in structure greatly resembles the 
synovial, but it invests the cavities in the body, and 
is not connected with the joints ; it secretes a fluid 
sufficient only in quantity to moisten the surface of 
the tissue. Both the textures just described possess 
a considerable degree of strength and elasticity. 

Mticous Membrane difiers materially from those 
already noticed, exceeding them in thickness and com- 
plexity of structure. It consists of three layers; an 
epithelial, a proper mucous, and a fibrous layer. The 
epithelial covering presents itself imder three different 
forms ; the most common variety is the tesselated, 
composed of flat, oval, nucleatea cells, arranged in 
one or more layers, constituting a form of epithelium 
found on the membrane lining the mouth, throat, and 
oesophagus ; the second variety is termed cylmdrical 
or columnar, being composed of nucleated cells of a 
conical or pyramidal form, arranged closely together, 
in contact with the mucous membrane by one ex- 
tremity, and free at the other, forming a variety of 
epithelium that exists on the lining membrane of the 
stomach and intestines ; the third kind is called cili" 
atedy and presents cells resembling those found in 
the columnar epithelium, but provided with numerous 
fine hair-like processes springing from the free ex- 
tremity of the cells, constituting a form of epithelium 
that covers the mucous lining of the respiratory tracts. 
Glands, called villi and follicles, frequently stud 
mucous membrane ; there is also a very free vascular 
supply to the structure, giving it a deep red colour, 
and a viscid, mucous secretion exudes abundantly from 
its surface ; moreover, it forms the lining of the air- 
tubes, the throat, oesophagus, stomach, and intestines, 
joining the skin at the orifices of the body, as the 
mouth and nose. The composition of the ^e^'¥%^S53Y^> 
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mul iho UNO of the membrane varies in its different 
MitiiutioriH; thus, in the stomach and intestines, the 
function of the membrane is to secrete a solvent fluid 
to fM;i on the food, and enable absorption to take 
])lfU!0, hut in the air-tubes it aids in the process of 
reiipi ration, and pours out a totally different secretion. 

AtUiHiMti Tiittiue is composed of a number of small 
voNiclim containing oleaginous matter, termed fat-cells, 
hold togiJthor by areolar tissue. For the most part, 
tlut HhiU)o of the cells is spheroidal, but the quantity 
of areolar tiMSue mixed witn them is variable ; thus, the 
adipoHo tiHHUo forming the marrow of bones contains 
vorV littUs and sometimes it is altogether wanting, 
a (u^licato })U^xus of blood-vessels holding the cells 
togothor instead. 

1^0 norves or lymphatics have been traced to this 
tiiiH\io, but they pass through it to other parts. 
AilipoHO tiHsuo exists in large quantities in the human 
boily, being next in abundance to the areolar, the 
fUUo\iut boing increased by oleaginous food, heat, and 
iH^»t, but iu some persons and in certain diseases 
thort* is a tondtmey to the development of &t, 
tho\igh the fiH>d may be deficient and great exertion 
takt^it .Fatty tissue aids in facilitating movement, and 
forms a sort of cushion for i^ertain organs, as is the 
iVMO with tho eveball in the orbit; it also assists in 
luaiutaiuii^ the animal heat, by furnishing a reservoir 
ixf \\viubu«tib)t^ matter* without which a continued 
»\\pixlY i^' tlHHl would be necessary, and the privatian 
v^' MiWut^ for a ^w hoxurs might be fatal. Animals, 
^HH'ialK ot' tho herbivorous kind, feed and £itten in 
Ihi^ ^uiuiuer mouths^ thus laying up a store of nouriali- 
vuetit iu Iheir bodies for the wmter. Beskth from 
^^ur\;iliv\u take» |>lace more slowly in fat than in Ifian 
auuu^iU^ I he lime being {>rv^|H>rtional to thequantity 
of ^vU^KXji^ li^ue contained in the body. Tlliai ths 
aWjT^liv^tt vxf f^l^Y ii$$tte has taken plaice to any con* 
!»dimibJt^ exlen^x ihat peculiar sunken appeorttnce of 
iW chtM^$ and ey^ is ol)«i»>ii^l, which ao often 
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companies exhaustive diseases or want of proper 
nourishment. 

Cartilage is a white elastic substance, somewhat 
analogous to bone, existing under two forms, the 
"temporary** and "permanent;** the former, found 
at birth, afterwards Becoming ossified, graduaUy dis- 
appears ; the latter, met with in the adult, chiefly in 
the joints covering the ends of the bones, aids in re- 
ducing friction. In youth cartilage is of a pearly 
whiteness, and very elastic, but it becomes yellow and 
has a tendency to ossify in old age. 

The structure of this tissue is apparently homo- 
geneous, but if carefully examined, is seen to be 
fibrous in texture. It originates, however, in cells, 
which are more or less abundantly mingled with the 
fibres ; though, in some cartilages, as those between 
the vertebrae, the structure is destitute of cells or 
cartilage corpuscles, being entirely fibrous. 

Articular Cartilage, or that present in the joints, is 
so closely united to the bones, that it can scarcely be 
separated from them, and has its free surface covered 
with svnovial membrane. Neither nerves nor blood- 
vessels have been proved to penetrate the tissue, 
which is supposed to be nourished by imbibition 
through the walls of surrounding vessels. It is, how- 
ever, stated by some writers that vessels too minute 
to admit the red corpuscles of the blood penetrate 
all cartilaginous structures. 

The chemical composition of cartilage generally, is 
albumen, water, and a small quantity of phosphate of 
lime. A peculiar substance called chondrine, some- 
what resembling gelatine, is obtained from cellular 
cartilage. 

Stmmary of the Trwtary Tissues oftJie SJuman Body, 

1. Simple Fibrous Tissue, including the white and yel- 
low varieties, and entering into the composition 
of areolar tissue, tendons, ligaments, and aponeu- 
roses. 
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2. Cellular Tissues, including adipose tissue and car-i 

tilage. 

3. Tubular Tissues, as blood-vessels, &c. 

4. Sclerous Tissues, comprising bones, teeth, &c. 

5. Mbro-cellular Tissues, including the various forms 

of mucous and serous membranes. 

6. Muscular Tissues, comprising all the varieties of 

muscular structures found in the body. 

7. Nervous Tissues embracing the whole mass of the 

nervous system, including the brain, ganglia, and 
nerves. 



BONE. 

The bones in the human body are variously grouped, 
into long, flat, and irregular ; the femur and humerus 
are examples of the first, the ribs of the second, and 
the vertebrae of the third kind. 

"When a bone is viewed with the naked eye, it pre- 
sents a somewhat laminated structure in the long 
bones, the laminae being arranged in a concentric 
manner round a central cavity or medullary canal. At 
the extremities of the bone the structure is more 
spongy in texture, termed cancellated, and a number 
of hollows, called cancelli, are found communicating 
with the medullary canal. The surface of bone is 
covered with a membrane — the periosteum — rich with 
blood-vessels, affording nourishment, and aiding in 
repairing injuries to the osseous substance. In the 
medullary cavity, a peculiar soft substance — the me- 
dulla — is found, with a lining membrane of delicate 
blood-vessels. Bone-substance is traversed by canals, 
communicating freely with each other, forming a kipi 
of network ; into these canals, which are termed the 
Saversian canals, the lining membrane of the medul- 
lp,ry canal e^ters. The diameter of one of these canals 
iii from -g-Ji^th to the j^x^th of an inch ; their use is. 



to conTer the Bmall blood-veeeels throughout the sub- 
stance of the bone j,,^ ^ 
A. vertical section 
of a long bone will 
show the Harer- 
siaii canals com 
municatiug, as in 
Pig a 

If a Iransv^te 
section (Pig 6) be 
made, the ends or 
orifices of the Ha- 
versian canals will 




appear, surrounded by concentric rings of bony matter, 
studded with dark spots, which, when more closely ei- 
amined, prove to be cavities. ThesearetfirmedZociMKc, 
lenticular or oval in form (with their longer sides turned 
towardatheHaversiancanalB),in diameter about j^jth 
of an inch ; and proceeding from them run minute 
canals, called the can(i/tc«?»,too minute, indeed, to admit 
of conveying blood-Teaaek, their largest diameter being 
(inly nj.iun*'' °^ TT.iuD*'^ °^ *° inch, bo that the blood 
corpuscles could not Miter them ; yet it must be sup- 
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posed that they draw some kind of nourishment fi*om 
the surrounding vessels. Bone substance, therefore, 
is permeable to blood-vessels in all directions. At the 
extremities of a bone vrhere a joint occurs, the peri- 
osteum is wanting, and cartilage exists. The medul- 
lary membrane acts as an internal periosteum; but 
the medulla does not seem to be required for actual 
nourishment of bone tissue, as in birds air takes its 
place. Nerves doubtless exist, though they cannot 
be traced in bones. 

Composition of Bone, 

If bone is exposed to the action of fire, some of its 
ingredients are consumed, and a white, friable earth 
is left behind. Again, if it is submitted to the action 
of dilute nitric or muriatic acid, it becomes soft, re- 
sembling cartilage. In the first place, the gelatinous 
portion was removed by the agency of heat, and the 
earthy parts left ; in the second, the earthy particles 
were dissolved out, and the animal parts remained un- 
touched. The earth of bone is principally phosphate 
of lime ; it also contains carbonate of lime and other 
salts. Roughly, the composition of bone is as follows : 



Organic matter Cartilage and vessels 33*0 

'Phosphate of lime 52*0 

Carbonate of lime 1(H) 

Chloride of sodium 025 

Other salts, as phosphate 1 

of magnesia and oxides V 4*25 

of iron, J 



Inorganic matter 



10(H) 



According to Dr. Stark and Dr. Carpenter, the 
hardness of bone does not depend on the amount of 
earthy matter contained, nor does the flexibility or 
transparency indicate a want of earthy material : ** For 
the transparent, readily cut bones of fish, contain the 
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same amount of earthy ingredients, in proportion to 
their gelatinous basis, as the dense, ivorjr-like leg- 
bones of the deer and sheep ;" and, according to the 
same authority, the stability of osseous tissue most 
probably depends on the quantity of water entering 
Lto its composition. Sespecting varieties dependiiii 
on age, it appears that the bones of old people contain 
more earthy matter than those of young ones, the 
want of earthy particles producing tne disease called 
rickets in children. 

Development of Bone, 

In the early periods of life bones are not hard and 
firm, but soft and yielding, cartilage being the sub- 
stance of which they are composed. The development 
of bone is accomplished in two different manners : 
either there is a cartilaginous mould or matrix first 
formed, which subsequently becomes ossified by the 
deposit of bony matter in its substance, or a mem- 
brane exists in which ossific matter is developed. In 
the first instance, then, a kind of mould is formed for 
the after deposit of bone by cartilage, which does not 
materially differ from permanent cartilage, such as 
covers the ends of bones in articulation. Canals form 
in this structure, and the cartilage-cells arrange them- 
selves in rows longitudinally respecting the axis of 
the bone; between the cells is an intercellular sub- 
stance, and in this bony matter is first deposited from 
the blood. In a long bone, ossification springs usually 
from two or three starting-points at once, there being 
"a centre of ossification'* lor the shaft, and one for 
each extremity. As the development advances, the 
various canals are gradually formed traversing the 
strflcture. When bone is developed in membrane, as 
is the case with the cranial bones, fibres and cells are 
first observed in the membrane ; the fibres harden by 
the deposit of earthy matter, and an irregular network 
is thus produced, which becomes closer and harder as 
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the process advances, laying the foundation for the 
new Done. 

BONES IN OTHEE AEHMALS. 

Fishes, — In some fishes (the cartilaginous) the 
bones contain but little earthy matter, though in other 
species (the osseous fishes) harder bones exist ; but in 
no case is there a medullary canal, or any approach to 
laminated structure. 

Amphihia.^-T\ie bones in this type have no laminse, 
nor, except in the case of the crocodile, any medullary 
canal. The chemical composition of the osseous 
matter resembles that of fishes. 

Birds have firm but elastic bones, with a somewhat 
laminated arrangement of structure, and large internal 
canal, which contains air instead of marrow. 

Mammalia, — In the cetacea or whale tribe, the bones 
are fibrous externally, but in quadrupeds they resemble 
generally those of man, only coarser in texture. 



THE TEETH. 

"i 

Befoee passing to a description of the soft parts, 
the teeth may be described. Man is provided with 
two successive sets, the Jlrst, deeiduotis or milk teeth ; 
the second or permanent, which replace the first. Th6 
former are twenty in number, and the latter thirty-two. 

Permanent Teeth, 

In each jaw. 

Incisors 4 ... 2 central and 2 lateral. 

Canine 2 ... 1 on each side. 

Bicuspid 4 ... 2 on each side. 

Molars 6 ... 3 on each side. 

16 
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The milk teeth are differently divided aa there are 
no bicuspids, and only four molars in each jaw 

A tooth is divided into a crown the part above the 
gum, a neck or conetricted part round the base of the 
crown, and a root or fang which fixes the tooth mto 
the socket. The teeth are composed of three diatmct 
structures, ivory, enamel, and cortical substance or 
cement. 

The ivory or " tooth bone" forms the principal part 
of the tooth, and consists of very 
minule, tapering, and branching 
fibres, embedded in a denser in 
terfibrouH substance. Above - 
the ivory ia covered in by the 
enamel; below by the cement. 

The enamel forms a crust over 
the exposed part of the tooth 
or crown, being thickest at the 
upper part. It is composed of 
minute hexagonal crystalline 
fibres, resting by one end 
against the surface of the ivory 

The cement covers the root 
or fang ; it resembles bone in 
structure, and possesses a com- I 
plex arrangement of cells and 
tubuli. 

In the centre of the tooth is ao, 
cavity containing a pulp and a -j 
nerve. The pulp conaiats of a 
mass of soft vascular matter, and the nen e ib a branch 
from the " dental." The teeth are adapted to the food 
and habits of the animals to which they belong ; those 
that live entirely on vegetables are provided with 
grinding teeth, but carnivorous animals possess only 
cutting teeth. Man is furnished with both varieties, 
tia his food is of a mixed character. 
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Teeth in other Animals, 

Fishes are frequently provided with teeth, some- 
times in great numbers, and oecasionallj moveable. 
The composition of their teeth is a modification of den- 
tine, and they are usually found on the bones forming 
the anterior apertures of the mouth, but more rarely 
at the posterior part, or in the pharynx, and, more 
rarely still, on the roof of the mouth, in the median 
line. 

Reptiles are in many cases edentulous, or toothless, 
as in the toad; but in others, as the tortoise and turtle, 
there exists a homy sheathing to the jaws. Where 
teeth are present, they are fewer in number than 
in fishes, and are composed of hard, unvascular, 
dentine. 

In crocodiles the teeth are of a conical form, and 
composed of a series of hollow cones, one within the 
other, so that when the outer tooth wears away, a new 
one is ready to supply its place. The interior of the 
tooth is never filled up, and at all periods of the 
animars life fresh germs will be found in the interior 
of the tooth, or its socket ready to occupy the place of 
the old and worn casing. 

Mammals. — The teeth of the mammals do not vary 
much in composition, though in form and number great 
differences exist. Animals that are destined to live 
on flesh, are provided with cutting teeth ; herbivorous 
animals possess gnawing and grinding teeth, and those 
whose food is of a mixed character have teeth of both 
varieties. 

In the whale, the place of teeth is supplied by plates 
of thin flexible substance, called " whalebone," which 
consists of a kind of fibrous horn, fringed at the edges, 
serving to retain the small animals on which tlie ce- 
tacea feed. The " whalebone" is connected witli the 
bones of the upper jaw only, the lower being des- 
titute of any such appendage. In the teeth of many 
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mammals, the arrangement of the enamel is peculiar ; 
thus, in animals that constantly grind their food, and 
wear down the surfaces of the teeth, the enamel, 
instead of merely coating the surface, is arranged in 
deep vertical layers, alternating with bony matter, as in 
the horse and elephant — an arrangement that secures, 
in all states of the teeth, a rough, hard, grinding sur- 
face. Again, in animals like the hare, or common 
rabbit, where the incisor teeth are in constant use, a 
provision is made for their continual renewal, and the 
enamel is so distributed, that being very much thicker 
in front, the hinder part wears away quicker, and a 
sharp cutting edge is always preserved. 

Development. — ^In the human embryo the teeth 
are developed from small papiUae arising in a groove 
that forms in the upper jaw between the lip and 
palate. The first appearance of this furrow, which js 
called the primitive dental groove, occurs at the sixth 
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o, b, c, d, e, showine the formation of the dental groove, papillee, and 
opercular flaps ; /, g, n, i, showing the subsequent development of the 
teeth and the formation of a cavity of reserve, with second teeth. 

week of foetal life, and in about another week a small 
ovoid papilla of granular structure makes its appear- 
ance in the floor of the groove. Several of these 
jpapillsB arise in succession, constituting the rudiments 
of the various milk teeth. About the tenth week, 
small processes spring from the sides of the dental 
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groove, and, extending gradually, enclose the papillae 
in a sac or follicle. At the thirteenth week the whole 
of the rudimentary papillae are enclosed in follicles, 
and the form of the papillsB begins to alter, assuming 
the shape of the future tooth ; the papillsB grow more 
rapidly than the follicles, till at length they protrude 
from the mouth of the latter, and at the same time 
flaps or opercula are developed at the mouths of the 
follicles, which extend over and enclose the growing 
tooth. Above these again the edges of the dentiu 
groove unite and cover in the whole. 

As soon as the follicles are thus closed in, the teeth 
gradually enlarge, become calcified, and at length 
make their way up through the gum. 

The periods at which the eruption of the milk teeth 
occurs are as follows : 

Central incisors, at the 7th month. 
Lateral incisors, „ 7th to lOth month. 
Anterior molars^ „ 12th to 14th „ 
Canine, „ 14th to 20th „ 

Posterior molars, „ 18th to 36th „ 

The development of the permanent teeth which suc- 
ceed to the milk teeth in after-life is provided for by 
the formation of a small chamber in the gum, called a 
cavity of reserve ; and after the deciduous teeth have 
begun to form, the permanent are slowly developed, 
till at length the latter press on and cause the absorp- 
tion of the under part of the former, and, pushing 
them out from the gum, take their place. 

The periods at which the eruption of the permanent 
teeth occurs are : 

First molars, at the 6^ year. 

Two middle incisors, „ 7th 

Two lateral incisors, „ 8th 

Pirst bicuspid, „ 9th 

Second bicuspid, „ 10th 

Canines, „ 11th to 12th year. 

Second molars, „ 12th to 13th „ 

Wisdom teeth, „ 17th to 21st „ 
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JOINTS. 

A JOINT or articulation may be movable or not ; 
but comparatively few bones are so firmly attached 
to those next them as not to permit of more or less 
movement. 

A movable joint has its opposing surfaces expanded, 
and coated with an elastic substance called cartilage ; 
a membrane surrounds it on all sides, forming a closed 
sac, and a fluid termed synovia, secreted from this 
membrane (which is called the synovial membrane), 
lubricates the surfaces of the joint. Lastly, it is re- 
tained in position by short, strong, bands of glistening 
fibres or ligaments, and by the tendons of various 
muscles. 

Joints may be divided into three classes — Synar- 
throsis, Amphiarthrosis, and Diarthrosis. 

Stnaetheosis, where an articulation exists be- 
tween bones without movement being permitted, as 
between the bones of the skull, or the teeth in their 
sockets. • 

Amphiaetheosis, where the joint has motion inter- 
mediate between the Synarthrosis and Diarthrosis, as 
between the vertebrae. 

DiAETHEOsis, where free movement is permitted as 
in the shoulder, hip, &c. All these classes admit of 
further subdivision, but it will only be. necessary to 
mention the Diarthrodial class, which may be divided 
into Arthrodia, Q-inglymus, and Enarthrodia. 

Arthrodia, where the motion is slight, as between 
the bones composing the foot. 

CH,nglyrrms, a term applied to joints where the 
movement resembles that of a hinge, as in the knee 
and elbotr. 
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Unarthrosis, where the most perfect freedom of mo- 
tion is found, produced by an arrangement of parts 
called a ball-and-socket joint. The round extremity 
of a bone, the femur, for example, is in such a joint, 
received into a cup-like cavity, coated with cartilage, 
and held in place by a strong round ligament, passing 
from the head of the bone to the bottom of the cavity, 
the whole being surrounded by a bag of ligamentous 
membrane called the capsidar ligament, and strength- 
ened by the tendons and muscles around the joint. 
The hip and shoulder are the two examples in the 
body of the true form of this articulation. 



Articulations, 



Synarthrosis - 



Sntora, 



Harmoma 



ia ... < 



A form of anion exemplified in 
the junction of the bones of 
the skull. 



mode of union such as is 
observed between the two 
halves of the upper jaw. 



Schindylesis •< 



''A form of junction exemplified 
in the union of two cranial 
bones, called the vomer and 
rostrum. 



Amphiarthrosis 



DIarthrosis ..." 



^ , . f The mode of union between the 
Gomphosis ... I ^^j^ ^^^ ^^^^.^ ^^^^^ 



A form of articulation observed 
between the bodies of the 
vertebrae. 

A form of joint existing be- 
tween the bones of the wrist 
and ankle. 

A joint like a hinge, snch as 
the elbow, knee, wrist, and 
' ankle. 



'Arthrodia 



Gmglymus 



{ 

ia ,..< 

••■{ 



i7_.-4.i,~,.:. / Tl»6 trne l^aU "■"d socket joint. 
Enartlm)si8...j aa the hip and shodlder. 
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MUSCLES. 

The framework of bones, with its various joints, 
having been briefly sketched, the covering of muscles, 
which constitutes the great bulk of the animal body, 
bestowing on it form and symmetry, must next be 
noticed. 

Muscles, commonly called "the flesh," are of a red 
colour and of different forms, the shape varying 
greatly, according to their position and the uses for 
which they are destined in the body ; some are long, 
narrow, and rounded, stretching out between two dis- 
tant points of bone attached at either end, as in the 
muscles moving the flngers and toes; others are 
broad and flat, enclosing cavities, such as the muscles 
that constitute the abdominal walls. 

"With regard to their functions, muscles may be 
grouped into two sets, voluntary and involuntary, the 
former being chiefly connected with movements effected 
through the agency of the spinal nerves, obe3ring the 
influence of the will ; the latter, very slightly or not 
at all controlled by the will, but acted on by stimuli 
applied to themselves, and connected more with the 
vegetative functions ; for example, the muscles that 
move the limbs are voluntary, and act under the 
direction of the mind, but the heart which is a hollow 
muscle, acts independently of the will, and is excited 
by a stimulating influence, contained (according to 
some writers) in the blood which passes through it, 
but more probably by an influence residing in the 
structure of the organ itself. 

Structure of Muscle, 

If examined with a magnifying glass, a muscle will 
be found to be made up oi Jllres, arranged parallel to 
each other, and bound together m fasciculi or bundles 
by a delicate web of areolar tissue. If the flbres that 
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form these fasciculi are examined under a higher power, 
each one will be seen to be itself composed of bundles 
of still more delicate fibres, and in voluntary muscle 
these primitive fibres will exhibit transverse markings 
or stri(s, but in the involuntary they will appear plain 
or unstriped. 

In striated or voluntary muscular structure, two 
sets of markings may be observed, one transverse, and 
the other longitudinal; and 'the primitive fibres ipay 
be again separated into Jtbrillee, which present a 
beaded appearance, and, as far as our observation goes, 
constitute the ulti- 
mate structure of 
the muscular fibre. 
These elements of 
the primitive fibres 

are bound up to- a fibre broken across, showing the untom 
gether in a deli- aarcolemma. 

cate sheath called the sarcolemma, the existence of 
which may be demonstrated when the fibre ruptures, 
and contracts in the interior, leaving the sarcolemma 
still entire between the separated ends. The shape of 
muscular fibre is somewhat polygonal, varying in di- 
ameter in different animals ; thus, in man the fibres 
vary in diameter from the ^^th to the ^^th of an 
inch ; in women from the -j^^th to the -5^^ ; in fish, 
the 2-|^th ; in insects the -j^th ; in reptiles, the 
-j^^th, and birds the -^Jt^th. 

TJnstriped muscular fibre, such as is found in the 
involuntary muscles, ordinarily presents itself in flat- 
tened bands of from -g-^^^^th to y^^jj^th of an inch in 
diameter, collected into bundles and interlaced, form- 
ing the variety of muscular structure which invests 
cavities, as the alimentary canal and bladder. 

The muscular structure of the heart, which is made 
up of striated muscular fibre, is peculiar, in presenting 
" the general arrangement of non-striated muscle, as 
far as regards the form and interlacement of the 
fasciculi ;" but the bands present striated markiags, 
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and also contaiii, scattered in them, elongated fusi- 
form-shaped cells, with a central, staff-shaped nu- 
cleus. 

Vessels and Nerves in contact with Muscular 

Structure. 

The substance of muscle is perforated in every di- 
rection by minute blood-vessels termed capillaries, and 
it is probable that each fibre is in contact with a 
separate capillary ; for though these blood-vessels do 
not penetrate the fibres themselves, nourishment is 
imbibed through the sarcolemma. 

Striated muscles are, of all tissues, except the skin, 
the most freely supplied with nerves ; the sarcolemma, 
however, is not pierced by these nerves, which are in 
contact only with, and act through it ; nor can the 
termination of the nerve fibres be there found, for 
when a branch is given off from a trunk, it forms a 
loop, and returns either to the same or an adjacent 
trunk. 

Non-striated muscles are very deficient in the supply 
of nerves, and those that are found chiefly come from 
the sympathetic system. The heart in this respect, 
also, though a stnped muscle, resembles the unstriped 
variety. 

Development amd composition of Muscular Fihre. 

Striated muscular fibre is developed in a soft blas- 
tema from nuclei, which arrange themselves in lines. 
!From the nuclei, cells become developed, at first in 
contact by their adjacent walls, which at length dis- 
appear, the continuous chain of cells forming a tubular 
membrane — the sarcolemma. The nuclei, however, 
still remain, and, in addition, numerous fine granular 
particles begin to appear; and an arrangement of 
the nuclei and granular matter into lines now takes 
place, forming the transverse strisB and making up the 
nbriUaB, till at length, firesh matter being deposited in 
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the interior of the sbeath of sarcolemma, the contained 
muscular fibre becomes completely developed. Muscle 
contains about 23 per cent, of solid matter, and three 
of salts, the elements entering into the composition of 
the tissue being carbon, oxygen, hydrogen, and ni- 
trogen. 

Analysis of Muscle, 

Proper mnscular structure, with "I q^ 

gelatine and albumen, J 

Phosphate of lime and salts 3 

Water and loss 77 

100 

Contraction of Muscles. 

The power of contraction is one of the most impor- 
tant properties with which muscle is endowed, and 
may be excited by various means ; thus, it may be 
produced by the actual contact of a body (especially 
of a pointed body) with muscular tissue, and it may 
also be called into activity by galvanic agency, or 
chemical influence. In this way the muscles of a 
limb just severed from the body may be thrown 
into contraction by touching their exposed surfaces 
with the point of a sharp knife, or by passing a gal- 
vanic current through their substance. When a fibre 
commences to contract, the change usually begins at 
the ends, a dark spot first appearing, which, spreading, 
gradually involves the whole diameter. The stri» are 
seen drawn more closely together, and the whole fibre 
becomes shorter and thicker. The increased thick- 
ness, however, is not commensurate with the dimin- 
ished length, so that the muscles become firmer, and 
occupy less space after than before contraction. 
During the change, the sarcolemma does not contract 
in like manner, but rises in folds on the exterior of 
the fibres. 

Muscular irritability, or, in other words, the power 
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of contraction, does not cease immediately after death, 
but is retained by different muscles in different de- 
grees. The right auricle of the heart may possess 
contractility sixteen or seventeen hours after death, 
but the intestinal canal not more than an hour. This 
property of contraction arises from what is called the 
irritabiHty of muscle ; but there is another and differ- 
ent kind of contracton, which arises from what is 
called tonicity, and is affected, perhaps, by heat and 
cold. At a variable period after death — from seven to 
thirty-six hours, a stiffening of the muscles of the 
body takes place, called the " rigor mortis :" it is 
the last manifestation of tonic contraction. It com- 
mences and remains no fixed time after death, and 
has in some cases been so powerful that a corpse has 
been raised into a sitting posture. 

Muscular contraction is followed by a period of 
relaxation ; and if the contractions are repeated very 
frequently, a long period of rest is required before 
tbey can, to any extent, be renewed. Violent and 
frequent exercise increases the size of muscles, by 
stimulating an increased flow of blood to the part, 
producing an increased nutrition. The greater the 
size of the muscle, the more powerful will be its action ; 
and the well-developed muscles in the arms of a black- 
smith are usually cited as an example of the fact that 
exercise augments the size of muscles, and that 
increased power is consequent on the increased size. 

As before stated, a muscle requires rest after con- 
traction ; but, on the other hand, the want of use or 
inactivity of muscular structure, produces wasting 
and consequent loss of power. An ^lustration of this 
result is afforded in cases of paralysis, where atrophy 
of the part affected generally takes place. 
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TENDONS. 



Tendons are interposed between muscles and the 
bones on which they act, often enabling a muscle to 
act at a considerable distance from its attachment and 
position. Tendons, therefore, are attached at one end 
to muscles, at the other to bones ; they are generally 
cord-like in form, expanded at the extremity which 
is in contact with bone, and intimately blended with 
the muscular structure at the other. Frequently the 
tendons are retained in their places, or in grooves in 
which they work, by sheaths and ligamentous bands. 
The chief constituent of tendon is white fibrous tissue, 
the fibres being arranged in parallel bundles, destitute 
of nerves, and but sparingly supplied with blood- 
vessels. 



THE SKIN. 

ExTEENALLY coveriug the framework of bones, 
muscles, and tendons, is the skin. 

It is composed of three layers : first, the cutis vera, 
or corium ; second, the basement membrane ; and third, 
the epidermis f or cuticle ; this last being the most ex- 
ternal. 

The epidermis, or cuticle, is the superficial part of 
the skin ; it is level on its outer surface, but pitted on 
the under for the reception of the papillsB ; it consists 
of a number of hard and homy flattened scales, like 
cells, which are continually dropping off from the 
surface or desquamating, whilst new ones are con- 
stantly being formed below. The deeper layer of 
the epidermis is termed the rete mucosum or basement 
membrane, containing the pigment cells that give the 
colour to the cutaneous structure. 

The cutis vera, or corium, is the deeper portion of 
the skin, consisting of complex fibrous tissue, blood- 
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veeaela nerves and lymphatics The surface next 

the epidermis is elevated in 

many parts into ridges or 

\\ papilla which receive by 

the touch impressions 

! through the medium of 

' the nerves distributed in 

1 1" their atrucure. 

Generally, papillte are 

t conical projectionSjConsisfc- 

5 of del cat* filaments of 

rve fibres and ramifica- 

B tions ot Lutaneous blood- 

sela and lymphatics. 

I The size of the papilla is 

variable they are usually 

about T^rd to -^ad of a 

line in length, but rather 

m ofthesin larger in the akin of the 

ipiTflcui Lsjer aole of the foot and palm of 

" i'^sikUnipi the hand and separating 

™>m™pMi *^'^Di '°^° ridges are fur- 

U) but conl nned on mi open d; &i roWS into which the BWeat 

.* ^trf.?rof'^d.";^T^'t. glands open. 
•ell / IX psimles The Burfacc of the co- 

num presents also numeroue depressions, the sebace- 
ous folhclei lined with scales continuous with the 
epidermis through which thev are open on the sur- 
face of the body their function is to secrete an 
oily matter to defend the skm by keeping it moist, 
and enabling it to resist the action of the air and 
heat 

The conum is highly vascular and looser in texture 
than the entitle being gradually united by its in- 
ternal or deeper surtace with the fat and cellule 
tissue of the body 

The stceat or sudortferoits glands are long convo- 
luted tubes, seldom single, commencing in a sac-like 
manner in the fat beneath the skin, running up 
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through it in a tortuous way, and opening obliquely 
on the external surface of the epidermis in such a 
manner that the superficial scales of the cuticle lap 
over the mouth of the duct, forming a kind of valve. 
The function of the sweat glands is connected with 
the removal of superabundant moisture from the 
body, and has but little to do with the skin itself. 

Use and Functions of the Skin. 

The skin covers in the various textures of the 
body, and presents an extremely elastic and resistant 
surface to external influences, affording protection to 
parts exposed to pressure, as the heel and soles of 
the feet, by an increased thickness of the epidermis, 
and also receiving tactile impressions by aid of the 
papillae, with which the entire extent of cutaneous 
structure is studded. 

The skin exhales a certain quantity of moisture 
secreted by the sweat glands, sufficient to amount to 
about four pounds in twenty-four hours; there is 
always a constant exhalation going on, which is 
termed the insensible perspiration ; but, when violent 
exercise is taken, this is increased and poured forth 
in the form of sweat. Heat and cold, the vascular 
and nervous systems, influence to a great extent the 
amount of this secretion ; and as the kidneys 4i«Wby" 
draining the superfluous moisture from the body, the 
action of the skin has a certain relation to that of the 
kidneys ; thus, when more urine passes, there will be 
less sweat exhaled, and when the action of the renal 
organs is checked there will be an increased flow of 
sweat from the skin. 

In frogs and many inferior animals, it has been 
proved that the quantity of carbonic acid given off 
by their skin nearly equals that from their lungs; 
but, in man, where the lungs are so greatly developed, 
a much less quantity is evolved. The function ofibhe 
skin, then, is clearly of vital importance ; and, indeed, 
the fact may be readily proved ; for when its action 



is either totally' or partially checked, as by vamish- 
ing an animal's body, or by the destructioa of a con- 
siderable extent of cutaneous surface by heat, death 
takes place very rapidly ; the system being unable to 
get rid of the required amount of fluid by exhalation 
from the skin, congestion of the internal membranes 
occurs, followed by an effusion of fluid into the 
caTities of the body. 

Sweat has a specific gravity of 1004, and consists 
chiefly of water impregnated with chloride of sodium, 
phosphate of soda and time, with lactic acid. 



HATE. 

Ok the external surface of the body of most of 
the higher animals, either 
covering it entirely, or con- 
fined to certain parts, are 
homy filaments, termed 
hairs ; in the human being 
these hairs are long and 
strong on the scalp ; but 
covering every part even of 
the face, are other hairs, 
very minute and delicate. 

Each hair has a root under 
the skin and a stem which 
passes up through the cu 
taneouB structure and ap 
pears on its surface the 
root or bulb is contained 
m a follicle resting on a 
papilla, which is received 
into the lower part of the 
bulb and to which the 
> blood vessels that nourish 
'^ the hair can be traced In 
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chemical composition hair resembles the epidermis 
of the skin, and contains an oily colouring matter. 
The use is to afford warmth and protection. 



NAILS. 

Besides the hair, the skin has other homy append- 
ages, the nails, which may be considered to be an 
altered form of the epidermis. A nail has a root and 
body ; the root is soft and thin, composed of cells, and 
received into a fold of the cutis, where a new produc- 
tion of nail substance is continually taking place; 
the body is the principal part of the nail, and is 
attached to the skin by its under surface, except at 
the end or free extremity. No blood-vessels or 
nerves have been traced in nails, and their composi- 
tion is chiefly albuminous, with a little phosphate of 
lime. 



GLANDS. 



Glands are organs found in various parts of the 
body, destined to separate from the blood peculiar 
substances, which differ according to the gland pouring 
forth the secretion. 

In structure, glands are sacs or tubes, formed of 
thin membranes liued with secreting cells, arranged 
in various ways, richly supplied with blood-vessels, 
and provided with an excretory duct. The most 
simple form of the organ is a pouch or sac open at 
one end, as in the follicles of the skin, or two or more 
sacs may unite, and open by a common duct, as in 
the glands of the eyelids. An advance on this arrange- 
ment exists where several pouches are bound up to- 
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gether into a lobe or cluster. If the sac is elongated 
into a tube, twisted, or convoluted, and bound up 
into masses by areolar tissue, a gland of complex 
structure is formed. The walls of these tubes or 
sacs are similar to mucous membrane, surrounded 
with an elastic coat, and richly supplied with blood- 
vessels, spread over them in the form of a network, 
but nowhere communicating directly with the interior 
of the sac or tube, the secretion exuding through the 
walls into the gland cells. The principal glajads in 
the body are the liver, kidneys, pancreas, mammsB, 
and salivary glands. 



OP THE ALIMENTAET CANAL. 

CoMMTTNiCATiNG with the skin at the orifices of the 
body, as the mouth and nose, is the mucous membrane, 
which is continued down through the whole alimentary 
canal, lining it in the entire extent. 

The alimentary canal is a musculo-membranous 
tube, extending n*om the mouth to the anus, dilated 
specially in one part — the stomach. It is vaViously 
named in different parts of its' course — mouth, pharynx, 
OBSophagus, stomach, and intestines. 

The Mouth is an irregular cavity, containing the 
instruments of mastication and organs of taste. Be- 
hind it is bounded by the soft palate ; in jGront by the 
lips and teeth ; on either side by the internal sunaces 
of the cheeks ; above by the hard palate ; and below 
by the tongue, assisted by the mucous membrane, 
stretched out in the arch of the lower jaw. The soft 
palate is situated at the back of the mouth, continuous 
above with the hard palate, and formed by muscles 
covered with mucous membrane. Suspended in the 
middle is a small rounded process called the uvula, 




60 ANIMAL PHTSIOLOOT. 

and passing outwards on either side is a curved fold 
or arch, forming the pillars of the palate. An anterior 
and posterior pillar exists on each side, united above, 
but separated below, having the tonsils lodged between 
them. 

The Tonsils are two almond-shaped glands, situated 
between the anterior and posterior pillars of the soft 
palate. 

The Salivary Glands are three in number on each 
side, named the parotid, submaxilla/ry, and sublingual, 
all of them being provided with ducts opening into 
the mouth. The structure of these glands is termed 
conglomerate, the lobules of which they are composed 
being formed of convoluted tubes, bound up together 
into clusters by areolar tissue. 

The Parotid Oland, the largest of the three, is situ- 
ated just in front of the ear, extending for a short 
distance over the cheek, and dipping deeply behind 
the jaw. The duct from the gland traverses the 
muscles of the cheek, and opens into the mouth oppo- 
site the second molar tooth. Passing through the 
gland is the external carotid artery, and a large nerve 
— the facial. 

The Submaxillary Gland, the next in size, is situated 
under the lower jaw, its duct opening below the tongue, 
near the frsenum. 

The Sublingual Gland lies along under the tonmie, 
opening into the floor of the mouth by seven or eight 
small ducts. 

The Pharynx or throat is a musculo-membranous 
sac, situated between the mouth and the stomach, 
reaching in extent from the base of the skull to the 
fifth vertebra of the neck. It is composed of three 
muscles on each side, termed constrictors, covered in- 
ternally with mucous membrane, continuous with that 
of the mouth. 

Besides the mouth and the oesophagus, the windpipe 
opens into the pharynx ; and two apertures at the back 
01 the nose, called the posterior nares, also lead into 
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the cavity, bo that an elastic tube puslied up the bob- 
tnla would psae into the throat. In addition to these 




openings, two small tubes, called Eustachian tubes, 
commuriicatiiig with the internal part of the ear, also 
lead into the pharjui. 

The (Esophagut, or gullet, is situated between the 
throat and the stomach, passing down behind, and 
rather to the left of the windpipe or trachsea, and also 
behind the arch of the aorta, and, continuing down- 
wards, perforates the diaphragm and opena into the 
stomach. 

The canal is larger at the upper portion, and pre- 
sents the form of a tube, flattened rather than round. 
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composed of muscular fibres, arranged in two layers, 
tbe outer being disposed in a longitudinal, aud the 
inner in a circular manner. 

The mucous membrane lining the ixsophagua is 
continuous with that of the throat, but is thidcer in 
texture, and covered with a more distinct epithelium 
of the tesselated form ; and from the mouth to the 
stomach, the whole extent of lining membrane is 
studded with numerous small glands, for the purpose 
of lubricating the surface. 

Tee Stoma.ch is a conical muaculo-membranouB 
bag, with two openings, one leading into the oeso- 
phagus, the other into the intestines. The position of 
this riscus is below the diaphragm, lying across the 




abdominal cavity, the end into which the gullet leads 
being towards the left, and called the cardiac ex- 
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tremity, aad that with which the intefltineB communi- 
cate beiDg to the right, and termed the pyloric end. 

The upper border of the itomacA receives the nam© 
of the " smaller curve," and the lower border the 
" greater curve." The lining membrane of the ab- 
dominal cavity, the peritoneum, holds the organ in its 
place, and entirely covers its external aurface. 

The aalU of the stomach are composed, proceeding 
from without inwards, of a muscular, suhmucoua, and 
mucouH coat 

The muscular coat consists of three layers of fibres, 
arranged m a longitudinal, oblique, and circular 
manner 

The submucous coat is of a fibrous nature, composed 
of areolar tissue, strengthening the gastric walls, and 
containing the ramifications of the vessels and nerves 
distnbuted to the viscus 

Lastly, the mucous coat or lining structure of the sto- 
^K^HP~~~iSfc niach is a thick, soft, red membrane, 
f^^A^V^^A ^bich,whencloselye2amined, is found 
in By Bajia to be marked all over with hexagonal 
PjA«R^^j depressions ; and if a section is made 
PSStf ™^^ through the membrane, perpendtcu- 
L^pt^^^^MJ lar to its surface, it is found to be 
m jj)^I^R." composed of a number of tubes 
Mncourannbramof closed at the end which rests on 
the submucous coat, and opening 
at the other into the bottom of the depressions already 
noticed. 

These tubes or glandular follicles, as 
they are called, are richly supplied with 
blood-vessels, and secrete the gastric Quid. 
The upper part of the follicles is lined 
with columnar epithelium ; but the bottom 
and lower portion is made up and filled 

5 by nucleated cells, through the agency of 

of th* stomal which the gastric juice is secreted, and 
poured from the tubes into the cavity of the stomach. 
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The Intestinal canal is a tube about thirty 
feet in length, leading from the stomach to the anus, 
varying in diameter in its different parts. 

The chief division of the canal is, into large and 
small intestines, the small being about twenty-four 
feet in length, and the large only six. 

The small intestines commence at the pyloric orifice 
of the stomach, and are divided into three portions, 
termed the duodenum, jejunum, and ileum. 

The duodenum is about ten inches long, with the 
ducts from the pancreas and gall-bladder opening 
into it. 

The jejtmum and ileum together measure about 
twenty feet, but have no distinct separation. 

At the end of the ileum, the intestinal canal sud- 
denly becomes larger in calibre, and forms the large 
intestines. 

The large intestines are also divided into three 
portions, called the caecum, colon, and rectum ; the 
last-named portion terminating the canal at the anus, 
which is guarded by a circular band of fibres, termed 
a sphincter muscle. 

The mode of communication between the large and 
small intestines is peculiar, and is accomplished by 
the end of the ileum, being, as it were, tbrust into 
the sac-like termination, or rather commencement of 
the caecum, forming thereby a valve, called the ileo- 
caecal valve. The whole canal, except the rectum, 
which is straight, lies convoluted in the abdominal 
cavity, being covered and held in position by the 
peritoneum. 

The intestinal tube is composed, proceeding from 
without inwards, of a muscular, sub-mucous, and 
mucous coat. The muscular coat consists of two 
layers of fibres, one arranged in a circular, and the 
other, in a longitudinal manner ; the sub-mucous coat 
has the same use and relative position as that of the 
stomach, but the mucous coat, though resembling that 
of the organ just mentioned as to the general struct- 
ture, presenta some marked diffeteiicfe^. 
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In the whole length of the intestinal canal, simple 
follicles, called the crypts of Lieberkiihn, are found ; 
moreover, in the small intestines, the mucous mem- 
brane rises into folds called valvules conniventes, and 
a number of projections termed villi, composed of a 
plexus of arteries, a vein and lacteals, stud their 
entire surface. Small rounded, white eminences, 
called the solitary glands, are also scattered along this 
portion of the canal; but in certain parts of the 
whole tube special glands are found; thus, in the 
duodenum chiefly, are met with, small bodies, com- 
posed of minute lobules opening into ducts, resembling 
the salivary glands, termed the glands of JBrunner ; 
and in the ileum are found the glands of Feyer, 
forming oval patches, consisting of an aggregation of 
the solitary glands before mentioned. In the large 
intestines, the mucous membrane does not rise into 
folds, and no villi are discovered, but follicles re- 
sembling the crypts of Lieberkuhn are scattered 
throughout the whole extent. All the glands and 
follicles mentioned as studding the intestinal mucous 
membrane haVe special functions to perform in aiding 
digestion, absorption, and excretion. 

Summary. 

The Alimentary Canal, therefore, comprises six 
divisions : 

1. The mouth. 

2. The pharynx. 

3. The oesophagus. 

4. The stomach. 

5. The small intestines. 

6. The large intestines. 

Of the Small Intestines there are three divisions ; 

1. The duodenum. 

2. The jejunum. 

3. The ileum. 
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Of the Large Intestines there are also three divisions : 

1. The caecum. 

2. The colon. 

3. The rectum. 

Oithe Glands of the Small Intestines. 
In the small intestines there are — 

1. Villi. 

2. ValvulaB conniventes. 

3. G-lands of Peyer. 

4. Glands of Lieberkiihn. 

And in the duodenum the glands of Brunner in 
addition. 

Of the Glands of the Large Intestines, 
In all the large intestines there are — 

1. Follicles (resembling the crypts of Lieberkiihn). 

2. Solitary glands. 

The Stomach in othee Animals. — In the lowest 
forms of animals no difference between the stomach 
and other parts of the alimentary canal is observed, 
but in the Articulata and MoUusca the organ is dis- 
tinctly developed. Many animals are provided with 
a reducing apparatus, to assist digestion by crushing 
the food before it enters the stomach. 

BiBDS have a complex alimentary canal, with three 
dilated portions, the crop, proventriculus, and gizzard. 
The crop exists mostly in granivbrous birds, being an 
enlargement of the oBsophagus, into which the food is 
received and retained for some time previous to its 
passage into the stomach. A copious secretion, which 
aids digestion, is poured out by the crop from a 
glandular arrangement in its walls. The proventriculus 
and gizzard together may be considered to constitute 
the stomach, the former corresponding to the cardiac, 



THE STOMACH IN OTHER ANIMALS. 67 

and the latter to the pyloric portions of the organ in 
mammals. From the walls of the proventriculus the 
true gastric fluid exudes, whilst the gizzard is a sac, 
composed of very strong muscular walls, for the pur- 
pose of grinding the food, the reduction being often 
aided by the presence of numerous small stones which 
birds usually swallow. This arrangement is curious, 
as the food is mixed with the gastric fluid before it is 
properly triturated by the gizzard. The deficiency of 
teeth in birds is supplied by this peculiar structure of 
the digestive organ. 

In Mammals the reducing apparatus, consisting of 
variously formed teeth, is confined to the mouth ; still, 
in some classes, the arrangement of the stomach seems 
to be subservient to the further reduction of the food 
before it is subject to the digestive process. 

Muminantia possess a gastric organ of complex 
arrangement, the stomach being divided into four 
chambers. The first is called the paimch ; the second 
the reticultwi, or " honeycomb-stomach ; " the third is 
termed the omastim, or " many plies ; " and the fourth 
and last stomach receives the name of the reed. 
The first two divisions, the paunch and reticulum, are 
rather dilatations of the oesophagus than parts of the 
stomach itself. The patmch is the largest cavity, and 
is destined to receive the food in a crude state, which 
remains some time in the cavity, being moistened by a 
secretion poured out from the glands in its walls ; 
thus, thejME michf be ing a temporary receptacle for the 
food, is "analogous to the crop of birds. 

The reticulum, or second stomach, is termed " honey- 
combed," from the reticular appearance and irregular 
folding of the lining membrane. Between these folds 
are situated numerous water-cells, surrounded by 
muscular fasciculi. It is to this peculiar arrangement 
that the camel owes the power of existing so long 
without any fresh supply of water. 

The cells can be closed or opeTie3L\>^>jJti^ ^otd^x^k^^s^ 
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of the surrounding muscular fasciculi, so that when a 
supply of water is taken into the stomach it can be 
retained in the water-cells and poured out again, as 
required. Though all Ruminantia possess this power 
of abstaining from water, it exists only in a less 
degree in many of the animals in the class. 

The omasum, or third stomach, is usually called 
"many plies," from the peculiar disposition of the 
lining membrane, which is arranged in folds, like the 
leaves of a book, the free edges being turned towards 
the centre of the cavity which leads into the fourth 
stomach. 

The reed, or fourth stomach, is that in which the 
true gastric juice is poured out, and leads to the 
pylorus and intestines. 

The manner in which the oesophageal tube passes 
into the stomach is remarkable; it is continued on 
through the first and second stomachs by a canal, 
called the demi-canal, with a longitudinal opening, 
bounded by two lips or bands of muscular fibre, so 
arranged that by the contraction of the muscular 
structure the opening into the first and second 
stomach is shut off and the canal closed, which then 
leads directly through into the third stomach. This 
must be kept in mind to understand the process of 
rumination. "When food is first taken into the mouth 
and swallowed by a ruminating animal, it is very 
little masticated, and passes down into the first and^ 
second stomach in almost a dry state ; after the food 
has become properly saturated with the fluids of 
these cavities, it breaks up into little balls, which 
return to the mouth to undergo complete mastication 
and become mixed with the saliva. These little 
pellets of food are formed by the compression exerted 
by the muscular fibres at the entrance of the oesopha- 
gus. After this second mastication the food is re- 
duced to a semi-pulpy state, and passes again down 
the oesophagus, but being now soft and moist, instead 
of dry and iiard, as it waa wTieu SN^aHowed the first 
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time, it does not force apart the lips of tbe canal by 
which the ceBopbagua is continuea through the first 
and secoud stomach ; so that, instead of passing into 
these chambers, it is directed aloBg into the third 
stomach, and Irom thence into the fourth, where it ia 
acted on by the gastric fluid. Thus it appears that, in 




chi/.inl 



the first instance, the food being swallowed without 
being chewed, forma a hard mass, which causes the lips 
of the slit in the demi-canal to open, and give entrance 
to the paunch and reticulum ; but when the food has 
been reduced to a pulpy state by mastication, it passes 
along the canal without opening the lips, and enters the 
omasum at once. 



OF THE LACTEAL AND LTMTHATIO 
SYSTEMS OF THE HTJMAIf BODY. 

Ltmfhaticb are very delicate tubes, provided with 
valves, somewhat resembling veins, formmg a complete 
system of vessels existing in almcmt every part of the 
body, and connected with numerous glands, called 
lymphatic glands, which exercise a certain influence 
over the fiuid or Upnph conveyed by the vessels. 

The lymphatics, lAer collecting into larger trunks, 
pour their contents into a sort of pouch, termed the 
receptaculwn chyU, situated on. ttia «\(aiB "Oi. *Sw*i i&i- 
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dominal cavity. Prom this pouch a duct, called the 
thoracic diict, leads up through the thorax, and opens 
into the left subclavian vein at the root of the neck, 
pouring its contents into the current of the blood. 

Lacteals are other vessels originating in the in- 
testinal villi, which have already been described as 
" conical projections formed by a vascular network, 
containing in the interior vessels termed lacteals." 
The fluid product of digestion, called chyle, transudes 
into these lacteal vessels, and is carried by them into 
the thoracic duct, so that both chyle and lymph are 
poured into the same receptacle, and thence conveyed 
to the left subclavian veiQ, where the mixed fluid is 
poured into the blood. 




OF THE TWO LAEGE GLANDS SITUATED 
IN THE ABDOMINAL CAVITY— THE 
PANCREAS AND LIVEE. 

The Fancreas. 

The pancreas, or sweet-bread, is a long, hammer- 
shaped gland, situated behind the stomach, provided 
with a short duct leading into the duodenum. The 
structure of the gland is conglomerate, resembling 
the salivary apparatus, pouring forth a secretion very 
like saliva. 

The Liver, 

The liver is an elongated, conglomerate gland, com- 
posed of lobes, divided by fissures. The situation of 
the organ is on the right of the abdominal cavity, 
close under the diaphragm, being retained in position 
by prolongations of the peritoneum, called the liga- 
meats of the liver. 

hi the under surface of the Ti^t \o\ife \a ^. ^xjvaUi 
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pear ebaped eac, called tKe gall-hladder, invested in- 
temally with a Immg membrane, arranged m a val- 
vular mancer Leading from tbia aac is a duct, 
termed the cystic duct a short tube, about au mch and 
a half long, with a diameter nearly ei^ual to that of 
a crow-quill Joining this duct is another small 
tube, coming from the substance of the liver itaeU*, 
called the hepatic duct, the junction of the two form- 
ing the common bde duct, or ductug communis cholc' 
dochus, which opens into the duodenum, first passing 
for some distance obliquely through and between the 
walls of that inteatme 

Bunning up through and behind the gland, partly 
embraced by its lobes, is the vena cava mfenor, op 
large venous trunk that conveys the blood from the 
lower parts of the body to the heart, and as this 




vein passes through the fissure in which it is It 
the hepatic veim, coming from the substance of the 
liver itself, open into it. 

The vessels ramifying in the substance of the liver 
consist of two veins, an artery, and a duct ; thus, 
besides the branches of the hep^Jitt ■^e\na,'Ottfitft %xbi 
others from the vena porta (_'wtaE\i Ha lotmsft.^"^ '^^^^ 



"2 AKIMAL PHYSIOLOBT. 

union of venouB trunks that return the blood from 
the intes- 




nute srUlular HuiiiaUnl KCtion or Lobnln of tlie Uyei : <, a. a, intra- 

ceU8, termed i""™!"'"!-. *.(.t. i.<-toh,d=r ,=m.. 

acini, uid held together by a fibrous covering, called 
Olisson's capsule. SttweeM the lobulet axe Bpa.ceB,ca.]led 
the interlobular eanaJt,mwiacht\ie Huhdivisions of the 
portal vein ramify, aeeompaoied by the minute branches 
of the hepatic duct ns. a. 

and artery. 

If the lobules are 
cut through verti- 
eally, they present 
a foliated appear- 
ance, arising from i 
the distributiou of 
the hepatic vein* in 
the centre. Thus, 
it appears that in 

the eubetance of the ^o^,°'H^/p^r'-^^"-* }^^'..^ 
lobules th^ termi- i, i, (, lobuiH. 
nal branchea of the hepatic veins ramify, receiving o 
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that account the name of intralobular veins, whilst the 
branches of the vena porta ramify in the canals 
between the lobules, and are, therefore, called inter* 
lobular veins. These two sets of veins communicate 
by minute branches passing off from the interlobular 
veins and entering the substance of the lobules, 
where they meet the intralobular veins, and form the 
intralobular venous plexus (see fig. 1). The other 
two vessels, the hepatic ducts and artery, which run 
in the interlobular canals, are distributed in the fol- 
lowing manner. 

The hepatic artery, derived from one of the large 
branches of the abdominal aorta, divides, on entering 
the liver, into very minute branches, which ramify in 
Glisson's capsule, on the walls of the hepatic duct, 
and in the substance of the lobules themselves, the 
terminal branches probably joining the portal vein. 

The hepatic duct, as it enters the gland, bifurcates 
into two branches, and then divides into numerous 
smaller vessels, which ramify in the interlobular 
canals, and send off minute branches into the interior 
of the lobules, forming a lobular biliary plexus. The 
termination of the ducts, however, has not been dis- 
covered ; probably they end in loops, or possibly they 
terminate by closed extremities. .^ 

The function of the liver is twofold — ^it separates \ 
from the blood a fluid called bile, which aids in the 
digestive process, and also produces certain changes 
in the blood submitted to its influence. 

Blood is brought to the liver by the vena porta, 
and having circulated through the intralobular 
plexuses, passes into the hepatic veins, and is carried 
by them into the vena cava, where it is mixed with 
the blood coming from the lower parts of the body, 
and conveyed upwards to the heart. 

As before stated, the liver exercises a certain in- 
fluence on the blood passing through it ; the hepatic 
veins, therefore, will contain blood of a different 
quality to that found in the ^goxt^l n^^^^n ""Ses^^'xs^ 
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the hepatic, the blood contains less water, albumen, 
and salts, than in the portal, but a peculiar sugar, 
called liver sugar, similar to grape sugar, exists in the 
blood flowing in the hepatic vessels. 



THE LIYEB IN THE LOWEE ANIMALS. 

In the lower forms of animals the hepatic organ is 
of a very rudimentary character, but in Mollusca it 
is a large, well-marked viscus; it is, however, in 
Vertebrata that the structure becomes close and com- 
plex. 

In Insects the structure of the liver is very simple, 
consisting of a number of distinct, filiform tubes, 
surrounding the alimentary canal, frequently opening 
into its cavity by several distinct apertures. The 
number and length of these tubes varies considerably; 
sometimes they are much longer than the alimentary 
canal, being convoluted or twisted ; and their number 
varies from four to ten, or more. Their walls are 
lined with nucleated cells, which form a kind of epi- 
thelial covering, and pour out the biliary secretion. 

In Mblltiscs the arrangement of the gland is still 
simple, consisting of tubes bound up into a tolerably 
compact mass, which is usually situated at a little 
distance from the alimentary canal, into which it 
opens in the higher orders by a single duct. 

In Vertebrata we find a considerable advance in 
complexity of structure ; the simple tubular arrange- 
ment is lost, and a mass of solid lobules, made up of 
acmij composed of nucleated cells, takes its place. 
In fishes the contents of these primitive cells is 
usually oleaginous, but in birds scarcely any fatty 
matter is present. 

The structure and arrangement of the organ in 
mammals is so similar to that of man that a separate 
description is not necessary. 
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DIGESTION AND ABSOEPTION. 

JBJumcm Food, 

The food natural to man is a mixture of animal 
and vegetable products, which may be grouped into 
albuminous, oleaginous, and saccharine compounds. 

The alhtiminous compormds include both animal and 
vegetable substances containing nitrogen, as albumen, 
fibrine, caseine, gelatine, and chondrine. 

The oleagiTWus contain all kinds of fatty and oily 
matter derived from the animal and vegetable king- 
doms ; carbon, oxygen, and hydrogen, being the ele- 
ments found in the group. 

The saccharine comprise substances derived entirely 
from vegetables, as sugar, starch, gum, and woody 
fibre, all of which contain oxygen, hydrogen, and car- 
bon ; the two former elements existing in the propor- 
tion to form water. 

NitrogenouB food supplies nourishment to the differ- 
ent tissues, and the non-azotized compounds furnish 
means for keeping up the animal heat. 

Climate has a marked influence on the requirements 
for certain kinds of aliment ; in warm countries very 
little oleaginous food is required, whereas in cold 
regions it forms the principal article of diet. It has 
been found that dogs fed entirely on sugar and water 
gradually sink and die in from thirty to forty days, 
and it is also well known that the want of vegetable 
diet produces the disease ' known by the name of 
scurvy ; it thus appears that life cannot be long sus- 
tained if the food is composed solely of one of the 
three groups before mentioned, and, therefore, a mixed 
diet is best adapted for the requirements of the hvma/n 
frame. The teeth of man show, moreover, that he is 
destined to subsist on a mixed diet, the fronts <«. 
incisor teeth, being purposed iox eu^^m'^ «sa^\ft»2CssjL^ 
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k 

his animal food, the back, or molar, aiding him in 
crushing and grinding it to a pulp. 

Before quitting the subject, it may be remarked 
that common salt is regarded by most persons as an 
article of diet absolutely necessary for the continuance 
and preservation of health, a view which is entirely 
erroneous, as many individuals, and even whole tribes 
of the human race, use no more salt with their food 
than that which is absolutely contained in the solid 
and fluid aliment on which they live, yet they continue 
in a state of health, and, therefore, the employment 
of salt as a distinct article of diet with us is rather a 
habit than the dictate of necessity. 

Suma/n Food. . 

Gronp. Derivation. Contents. oS^pSn. 

A» . f Animal 1 Albumen, gelatine,! 

Albummons I ^^ I ^^. chondrine, lo,H,C,N. 
compounds. \ ^^getable J fibrine. J 

Oleaginous f ^^ 1 Fatty matter and 1 o,H,C. 
compounds, j vegetable J ^^^- J 

SSI } vegetable { ^r^ffi^.^^^^' } ^ A^' 

Inorganic 1 Water and salts (especially common salt) are 
matter. j present in food of almost every description. 

Deglutition. 

The process of deglutition comprises a series of 
movements by means of Which the food is propelled 
down the gullet into the stomach. 

When food is taken into the mouth to be masticated 
it is crushed by the teeth, rolled about by the tongue, 
and moistened by the saliva. During the process the 
salivary glands pour out an increased supply of fluid, 
which becomes intimately mixed with the food, and 

mta in reducing it to a pulp. As soon as this 



Saccharine 
com 



DEaLUTITION. 77 

operation is completed the tongue carries the bolus 
backwards till it passes the anterior pillars of the soft 
palate, the movement by which this is effected being 
under the control of the will, though the subsequent 
part of the process of deglutition is quite involuntary. 
"The tongue is next carried still further back and the 
larynx drawn forward under its root, so that the epi- 
glottis is pressed down on the rima glottidis, preventing 
anything from passing down into the windpipe. The 
muscles of the anterior palatine arch then contract, 
preventing the food from returning into the mouth, 
and at the same time the posterior pillars close the pas- 
sage into the nostrils. The morsel, therefore, slips into 
the pharynx, and is propelled thence down the oesopha- 
gus by the contraction of the muscular coats of that 
canal. 

When food has passed down the gullet, and arrives 
at the cardiac extremity of the stomach, a sort of 
sphincter muscle there relaxes, and after permitting 
the aliment to enter, again contracts. 

Immediately the food has entered the stomach it is 
subject to a peculiar movement which causes it to 
descend the greater curvature towards the pylorus, 
and then return along the lesser curve to the cardiac 
portion. After this action has continued for some 
time, and the food has become sufficiently mixed with 
the gastric fluid, the contents of the stomach have a 
tendency to pass towards the pylorus, where a band of 
muscular fibres, about four inches wide, contracts, and 
propels the liquid portion of the food into the intestine 
called the duodenum. When this process is completed 
the contraction of the fibres ceases, and solid, undi- 
gested substances, such as fruit-stones, are permitted 
to pass. It has thus happened that coins or other 
foreign bodies, when accidentally swallowed, have 
passed through the whole length of the alimentary 
canal. 

Digestion having proceeded thus far, some of tlaa^ 
nutritive portion of the foo4 la t^<&ii ^\tfe<i^ ^B^^» 
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the blood by the vessels in the walls of the stomach, 
but the greater part passes on into the intestines, 
where it is acted on by the bile and pancreatic fluid, 
and is afterwards absorbed by the vessels in the intes- 
tinal walls, the nutritive matter being abstracted, and 
the residue, becoming consolidated, passes down the 
intestinal canal to be voided from the body. 



The Fluids that act on the Food during the passage 
along the Alimenta/ry Canal, 

SALIVA. 

During mastication food is thoroughly mixed with 
saliva, a fluid which is composed chiefly of water, con- 
taining a peculiar nitrogenous substance, termed 
ptyalmey greatly resembling caseine. When there is 
no food in the mouth only just sufficient fluid is 

Soured out to moisten the mucous membrane, but 
uring the act of eating a much larger quantity flows. 
On an average, about twenty ounces are secreted in 
twenty-four hours. The use of the saliva is to prepare 
the food for chemical action, and, by softening it, to assist 
the process of deglutition. Though its purpose is chiefly 
mechanical, still it is supposed to influence the food 
chemically. In an experiment made to support this 
idea, the oesophagus of a dog was tied, and food, 
mixed with water, placed in the stomach, was found 
after some time to be little acted on, though when 
mixed with saliva, digestion readily took place. Saliva 
probably converts starch into sugar. 

Composition of Saliva, 

Water 989 

Ptyaline 2 

Albumen 4 soda, and fatty matter 2 

Mucus and ash 7 

1000 
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THE GASTBIC JUICE. 



On entering the stomach the food is submitted to 
the action of the ggtsfericjiiice, a fluid which is secreted 
by the glands in toe lining membrane, and only poured 
out when the nerves of the organ are excited by the 
presence of aliment. 

When poured forth for the purposes of digestion, 
the gastric fluid exudes in minute drops, which, col- 
lecting, form a secretion, and mix with the contents 
of the stomach. 

A ^un-accident to a man named Alexis St. Martin 
established an opening in the walls of his abdomen, 
leading directly to the cayity of his stomach ; so that, 
after numerous experiments on this man, by intro- 
ducing various substances into the digestive organ 
and watching the result, several facts were established 
respecting the action of the gastric juice. The fluid, 
when analysed, was found to be an acid secretion, 
composed principally of water, containing about 1*72 
per cent, of solid matter. Half the solid components 
was found to be a peculiar substance called pepsi/ne, 
the remainder being phosphates and chlorides of 
various salts. The quantitative analysis is (roughly) 
as follows : 

Analysis of the Gastric Juice. 

Water 198-18 

Pepsine ^ '90 

Phosphate of soda 

„ lime 

„ magnesia. . . 
Chloride of soda 

„ lime 

„ magnesia ... 
Hydrochloric and lactic acids a trace 
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In appearance, gastric fluid is a viscid and almo&tk 
colourless liquid, possessing a MhV^^W-onr \ax^. 
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The acidity of the juice is due, probably, almost, if not 
entirely, to the presence of hydrochloric acid, though 
lactic acid has also been detected in small quantities. 
The pepsine contained seems to act as a ferment, and 
for the purposes of digestion a temperature of at least 
80° to 90° Fahr. is required ; but a very small quan- 
tity of gastric fluid, even 1 part in 60,000 of water, 
is sufficient to dissolve meat. After the food has been 
reduced and acted on, it is termed chyme, and the 
chyme, therefore, is the fluid product of digestion in 
the stomach, and passes into the duodenum, where 
the digestive process is completed, a further change 
taking place in the intestinal canal, for on entering 
the duodenum the chyme is acted on by the bile and 
pancreatic fluid. 

THE PANCEEATIO FLUID. 

The secretion of the pancreas is colourless, slightly 
viscid, and alkaline, much resembling saliva, but con- 
taining more solid matter. It is supposed to act on 
fatty matter, and render it fit for absorption, by reduc- 
ing it to a state of " emulsion.^* 



THE BILE. 

Bile is secreted by the liver, and poured out into 
the duodenum. . It is a viscid, oily looking fluid, with 
a dark-greenish colour and bitter taste. Like other 
secretions, it consists chiefly of water, the solid matter 
amounting to about 12 per cent. 

Analysis of Bile. 

Water 88 

Biliary matter 8 

Mucns, salts of sodium, and lime 4 

100 



\ 
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The biliary matter contains peculiar substances, 
amongst which cholesterine and bile-pigment may be 
mentioned. The quantity of this secretion poured 
out in twenty-four hours has been variously esti- 
mated ; it may possibly amount to twenty-four ounces 
in that period. The purposes served by the secretion 
of the bile are twofold — firstly, it serves the purpose of 
separating from the blood certain products which 
require to be eliminated from the system ; secondly, 
it assists the process of digestion, and stimulates cer- 
tain movements in the intestines, termed the peristaltic 
action, in order that the undigested residue of the 
food may be evacuated from the body. It is probable 
that the bile is not poured into the duodenum unless 
chyme is present, as in cases of starvation the bile is 
found to accumulate in the gall-bladder, which, after 
death from this cause, is usually observed to be quite 
full of the biliary secretion. Besides the pancreatic 
fluid and bile, a secretion from the various glands of 
the intestines themselves is poured out, which acts on 
and mixes with the chyme after it has passed from 
the stomach into the intestinal canal. 



Chemical GJianges that take place in the Food whilst in 

the Alimentary Canal. 

As before mentioned, food consists of albuminous, 
saccharine, and oleaginous principles, in which the 
fluids just described produce certain chemical changes. 

Animal food breaks up into its constituent parts or 
fibres, and gradually becomes dissolved; vegetable 
matter is also digested, though a large portion of the 
cell-membrane, spiral vessels, <&c., existing in plants, 
remains unchanged. 

The saliva acts only on the starch, converting it 
into grape sugar. 

The gastric juice changes the alb\XT£i\Ti!Csv3a \^;s^» <il 
the food into a low form oi albumen, e«Si'&ftL aXb^um^uo%e 
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or peptone. Some of the saccharine principles, as 
sugar, gum, &c., are at once absorbed, but the starch 
and lignine are converted into grape sugar. The 
oleaginous principles appear to be reduced to fine 
particles, without being chemically changed by the 
gastric fluid. 

The pancreatic Jfmid acts on starch, and assists in 
Inducing fatty substances to a kind of emulsion, fitting 
them for absorption. 

The bile is supposed to exert some influence on the 
chyme, but the exact nature of the change produced 
has not been ascertained. It has been stated that the 
biliary secretion prevents the decomposition of the 
food, and assists the pancreatic fluid in rendering the 
contents of the intestine alkaline. 



Ahsorption, 

Absorption takes place through the medium of blood- 
vessels, lymphatics, and lacteals, its object being to 
introduce into the blood fresh nutritive material to 
supply the waste of that deposited in the formation or 
repair of the various animal tissues. 

Lymphatics commence in dense networks distributed 
throughout the body, and convey a fluid called hjmph^ 
but the source from whence this fluid is derived, 
remains undetermined. Probably it is supplied from 
the liquor sanguinis, or watery portion of the blood. 

Usually lymph is a clear, colourless liquid, devoid 
of smell, with a slightly alkaline or saline taste. 
When microscopically examined, minute corpuscles 
are found floating in the fluid, which, after passing 
through the lymphatic glands to larger lymphatic 
trunks, on its way to the thoracic duct, appears to 
possess a greater number of corpuscular bodies. 

Lacteals are absorbent vessels distributed to the 
villi in the intestinal walls. Through the coats of 
these veaaela, the chyme transudes, or, rather, certain 
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of its constituents, which become changed in character, 
and form what is termed chyle* 

Whilst there is a cessation of the digestive procesB, 
the lacteals contain only a clear fluid resembling 
lymph ; but, as soon as chyme is poured into the 
intestines, absorption takes place, and the fluid becomes 
turbid, opaque, and milky, acquiring the peculiar cha- 
racters of chyle. 

In appearance, chyle is a white fluid, of an albu- 
minous nature, containing numerous globules of fatty 
matter, termed by Gulliver, "the molecular base of 
chyle." As the chyle advances along the lacteals, 
towards the thoracic duct, it acquires more and more 
a resemblance to blood, except as regards the colour, 
which remains unaltered. When withdrawn from the 
larger lacteal vessels that open into the receptaculmn 
chyli, the chyle is. found to coagulate into a soft white 
mass. The fluid taken from this part of the lacteal 
system presents an advance of structure ; cells or 
chyle corpuscles are 'found to be developed in it, and 
the presence of fibrine gives the power of coa&;ulation. 

The chyle corpuscles are similar to the white cor- 
puscles of the blood, and need no separate descrip- 
tion. 

Mehxtive Analyses qf Chyle and Lymph, 

Chyle. Lymph. 

Water 90 96 

Albamen 4 1 

Fibrine and salts 1 ^ 

Fatty matter 4 a trace. 

Animal extractive 1 2i 

100 100 



The chief difference between chyle and lymph con- 
sists in the presence of a much smaller proportion of 
solid matter in lymph, and in the almost entire absence 
of fatty matter. 

The fluid in the thoracic duct, ttiexeS-OT^, e.oT>kSsssJw^ ^1 
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a mixture of lymph and chyle, partaking of the cha- 
racter of each fluid. The quantity of this mixed fluid 
poured into the blood dally is about equal to two 
thirds of the whole mass of the sanious fluid in the 
body. Absorption through the walls of the blood- 
vessels themselves, occurs in the capillaries of the 
stomach and intestines. These vessels absorb the 
liquid portion of the food without selection or choice, 
and, therefore, food in a fluid state is much more 
rapidly taken into the current of the blood than is 
the case with solid aliment. The process of digestion 
and absorption having been traced, our next step will 
be the examination of the circulating fluid or blood 
into which the digestive products are carried. 



THE BLOOD. 



The hlood, or nutritive fluid of the body, is formed 
at the expense of the food, and conveyed through- 
out the frame by systems of vessels called veins and 
arteries. 

The different tissues draw from the blood the prin^ 
ciples that are required for their nutrition ; at the 
same time, the various products of decay are removed 
and carried away in the circulating fluid. 

The blood, therefore, contains effete, as well as nu- 
tritive matter. 

The animal tissues require oxygen for their support ; 
and this element is conveyed to them by the blood, 
being introduced into that fluid through the medium 
of the lungs. The result of the action of oxygen on 
the tissues is carbonic acid, which is absorbed by the 
blood, and carried to the lungs and skin for elimination. 

The purposes, served, therefore, by the circulating 
fluid are threefold ; firstly, it affords a supply of ma- w 
teri&l for the maintenance of the body; secondly^ it J 
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conveys oxygen to the various tissues ; and thirdly, it 
removes the effete or reftise matter set free by the 
disintegration of those tissues. 

The blood being sent forth from the heart into a 
system of vessels called arteries, is distributed by 
them throughout the body, and comes into close re- 
lation with the tissues, and having given up to them 
certain of its constituents, is again collected by another 
system of vessels, termed veins. It is obvious, there- 
fore, that in various parts of its course the blood 
must present very different characters. 

Physical and Chemical Structtire of the Blood, 

The colour of the blood is bright scarlet if drawn 
jfrom an artery ; dark purple, or nearly black, when 
drawn from a vein. 

Deviations from this rule take place under various 
circumstances; thus in hot climates, arterial blood 
even is of a dark colour ; and an imperfect supply of 
air to the lungs produces the same effect. 

The temperature of the fluid whilst in the body is 
usually about 100° Eahr., and its specific gravity about 
1055, water being taken as 1000. When fresh drawn, 
a faint odour is emitted, and some persons have 
imagined that a slight vapour is exhaled. 

As blood flows from the body, it appears to be a 
homogeneous, viscid fluid, but when examined micro- 
scopically, it is found to consist of a colourless liquid 
(the liquor sanguinis), in which float numerous small 
globular bodies, called blood corpuscles, most of them 
being red, but a few colourless. This condition only 
applies to blood whilst in the body, or after it is just 
drawn, as a change begins to take place as soon as it 
leaves the vessels in which it flows. "When blood is 
drawn and permitted to stand, coagulation takes place, 
that is to say a dark-coloured clot forms, from which 
gradually oozes a yellowish liquid. The clot is called 
the crassamentum, and the yellow lic\vi\d tV^^ ^erwm.. 
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The process may be thus explained : the liquor san- 
guinis consists of a serous fluid, holding ^^nn^ in 
solution, and, as before stated, a number of corpuscles 
float freely in the fluid. When at rest, fibrine has a 
tendency to become solid, so that if blood is drawn 
and permitted to stand, the fibrine coagulating, en- 
tangles the serum and corpuscles in its substance. 
But the process does not stop here ; after the fibrine 
has coagulated it contracts and squeezes out the 
serum, but retains the corpuscles. 

The crassamentum, or clot, therefore, is composed of 
a network of fibrine, in the meshes of which the cor- 
puscles are entangled, giying the whole mass a dark 
red colour. 

The serum is in fact the liquor sanguinis depriyed of 
its fibrine. Serum contains albumen, and on that 
account is capable of being coagulated by heat. With 
regard to the coagulation of blood, as a general rule it 
is retarded by cold, but promoted by rest and free 
access to air. 



Blood 
in a fluid state 



Muid Blood, 

m 

Liquor sanguinis 



Water. 

Fibrine. 

Albumen. 

Salts. 



Floating corpuscles ..•{ ^te'^^'JSles. 



Slood 
when coagulated 



4 



Coagulated Slood, 
Crassamentum or clot 



Water. 

Serum ^-..A Albumen. 

Salts. 



r Fibrine. 
..,< White and 
I, corpuscles. 

{ 



red 



Blood oospusoles. — Two varieties of corpuscles 
exist, red and white. As seen under the microscope, 
thej are flattened cells, of a circular form, the red pre- 
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senting either a bright or dark central spot, as they 
are brought in and out of focus. 

JSed corpuscles are present in large numbers in the 
blood ; their diameter varies from ^^f ^^yth to •j^J'^tj*^ ^^ 
an inch, and their thickness is about TGhjm^^ ^^ ^^ 
inch. "When examined singly, they appear almost 
colourless, and it is only when viewed in numbers that 
they exhibit the florid colour. 

White corpuscles are much less numerous than the 
red, not more than one white to fifty coloured being 
present in human blood. As a rule, their diameter is 
greater than that of the red corpuscles, and may be 
estimated at ^gVo^^ ^^ *^ inch. The form and ap- 
pearance of the corpuscles, both red and white, varies 
greatly, according to the character of the liquid in 
which they float. The colour of the blood may even 
be altered by a change of form in the corpuscles. 
Thus it is probable that the difference in colour of 
arterial and venous blood depends on an altered form 
of the corpuscles contained. When subject to the 
action of water, corpuscles swell, become convex, or 
even round, and may at length burst. 

"With regard to the structure oired blood corpuscles, 
they may be considered to be cells, provided with an 
elastic cell wall, enclosing apparently homogeneous 
contents impregnated with red colouring matter, 
called hsematine. The white corpuscles, however, 
seem to contain granular matter, the cell wall being 
scarcely ever visible unless the corpuscles are treated 
with water, or diluted acid, when the cell becomes 
distended, and the wall separated from the enclosed 
matter. 

If the minute vessels in the web of 'a frog's foot 
are examined, both varieties of blood corpuscles will 
be seen hurrying along in the current of the blood, 
the red moving rapidly in the centre of the stream, 
the white, passing more slowly along the sides of the 
vessels. 

The functions served by the blood cells have not 
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been determined, nor ha^ it been ascertained how or 
where they ar^ formed. The most probable source of 
their origin is, that they are formed from the chyle 
and lymph corpuscles, poured into the blood from 
the thoracic duct ; as in the general current of the 
blood, corpuscles in intermediate stages of develop- 
ment are always found ; and indeed, occasionally the 
fluid in the thoracic duct has a red tinge, supposed to 
be due to the commencing development of hsBmatine 
in the interior of the chyle corpuscles. Doubtless the 
blood cells are continually undergoing decay, whilst 
others are being generated to supply their place ; and 
most likely they are derived in the manner just 
noticed, for they are proved not to be developed by 
fission of the pre-existmg corpuscles. 

Chemically, the blood maybe regarded as an alkaline 
fluid, composed principally of wfi-ter, containing a 
certain amount of solid matter. Amongst the more 
important components of the solid matter, hsematine 
may be mentioned. It is stated to contain iron, and 
is found mixed with globidine, the compound being 
termed crnwr. 



Blood 



Chemical Composition of the Blood, 
Water 



^ Solid matter •« 



Corpuscles 



{ 



795 



Hsematine 8 
Globuline 140 
Iron 1 



Fibrine 2 

Albumen 40 

Fat 2 

Salts 8 

Extractive matter 4 



1000 



The difference between venous and arterial blood, 
as regards colour, has been already noticed; but 



otKer differences exist; thus, in the arterial fluid, 

there is leee albumeii and more fibrine than in the 

venous. Moreover, the specific 

gravitj is lower, the amount of 

red corpuscles greater, and 

probably, the j)roportion of 

ozygea larger in tne arterial 

Wood. 

The quantitif of blood in ike 
bodff. — -The precise determina- 
tion of this point is difficult. 



sine I 1^ 1 



It has been found that if na- Kleivnndwuarredoanm- 

merous yessek in the body ^•gZj'la^^l^ '^• 
of an animal are opened, and «» of nuinmsutetW mid «d- 
the blood permitterto pour '^"*''^"'=^'"™'"^™-_ 
from them, a large quantity can be collected. In this 
manner it has been estimated that the weight of the 
blood is to that of the body : 

Ab I to 12 in an ox, 

„ 1 to 18 in a horse, 

„ 1 ta 16 in a dog. 

These data can only be an approximation to the 

truth ; for how- 
ever freely the ves- 
sels are opi 
and the blood 
mitted to 
still, a large <jm 
tity must rem am i 
the body. Nor can 
such an esperiment 
be made on the hu- Blood CorptiMi 
man aubject, ex- pe»r.^=. u. .^,. ^u.^..^..™. 

cept, indeed, in cases of execution. It is stated that 
as much as 24 lbs. of blood were taken from a decapi- 
tated female. Applying the results of experiments on 
other animals to the human body, it appears that the 
amount of blood contained may be estimated at 18 Ibtt. 
to 20 lbs. 
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Blood in other Animals. — In many of the lower 
animals the digestive apparatus communicates freely 
with the general cavity of the body, so that the whole 
structure is bathed in the immediate products of 
digestion without the intervention of any system of 
blood-vessels. 

In the higher ctrticulata, however, the circulation 
becomes more perfect ; a system of vessels exists in 
which the blood flows, and the circulating fluid more 
resembles that of the vertebrata, though the corpuscles 
present a different form, being oa^shaped, and the 
colour of the blood unlike that of mammals, being 
either nearly white or tinted blue and green. One 
order of articulate animals alone presents an exception 
to this rule ; in certain worms the blood is of a dis- 
tinctly red colour, and the animals are usually desig- 
nated as " the red-blooded worms." 

True blood is always contained in a definite system 
of tubes or vessels, and cannot pass out of them unless 
their walls are ruptured, though the essential portions 
of the blood may exude. Thus, in inflammation, the 
corpuscles collect together in the interior of the blood- 
vessels and cause an obstruction at one particular 
spot. The serum and the contents of the corpuscles 
transude, and tinge the surrounding parts red; but 
the corpuscles themselves cannot pass without actual 
rupture of the sides of the vessels in which they are 
contained. 

Vertebrata possess red blood similar to that of man, 
but the size and shape of the corpuscles varies in 
different kinds of animals. 

In cold-blooded vertebrata the blood is thinner and 
more watery, containing less solid matter, with very few 
corpuscles, but those that ar^ present are of large size. 

In reptiles and fishes the number of white cor- 

fuscles preponderates greatly over that of the red, 
n form the corpuscles are oval discs, with a central 
elevation on both surfaces ; the diameter varying from 
the T^^jyth. to the -yJxF*^ °^ *^ inch. 
Jh birds the shape of the corp\xftc\ea Te^etafela^ that 
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df the corpuscles found in the blood of fishes ; but the 
red corpuscles are present in excess, and the average 
amount of solid matter greater even than in the blood 
of mammals. 

In mammaU the red corpuscles are shaped as in 
man, but for the most part they measure less in dia- 
meter. The camel tribe exhibits an exception to this 
rule, as the -corpuscles in the blood of these animals 
are of an oval form. 



THE HEAET AND BLOOD-VESSELS. 

The heart is the organ by means of which the blood 
is propelled in its course through the body. As it is 
necessary for the circulating fluid to be exposed to 
the action of the air, the heart consists of two dis- 
tinct parts ; the one side receives venous blood, and 
propels it into the lungs ; the other receives the fluid 
after it has been aerated, and distributes it through 
the erteries to certain parts of the body. The heart 
is composed of striped muscular bands, arranged in a 
spiral form ; and the whole organ is suspended free 
to move in a bag of flbro-serous membrane, called 
the pericardium. The position of the heart in the 
chest is oblique, the base being directed upwards 
and backwards; the apex downwards and forwards, 
pointing to the space between the fifth and sixth 
ribs. The whole organ is more to the left than to the 
right, though part of it is behind the sternum. It is 
divided into four chambers, two on each side, which 
communicate; but no direct communication exists 
between the right and left sides of the heart. The 
heart, therefore, is a muscular structure, conical in 
form, enclosing two cavities, separated completely by 
a central vertical septum or partition, each cavity, 
right and left, being again divided into two chambers, 
which receive the name of auricle and '^eTafcn$s\a\ *^^ 
former situated above the lattex. 



92 ANIMAL PHYSIOLOGY. 

The bight side op the heabt has two chambers, 
the right auricle and right ventricle, which communi- 
cate freely by an opening called the auriculo-ven- 
tricular opening. 

On examining the right atiricle, an irregular cavity 
is found, from which projects a small pouch, termed 
the " appendage." The internal surface of the auricle 
is lined with a smooth, shining membrane, continuous 
with the lining membrane of the veins which com- 
municate with the chamber. Opening into the auricle 
are the two great veins which bring the bkrod to the 
heart, termed the superior and inferior vend cava; 
and, besides these, the coronary veins, which return 
the blood from the structure of the heart itself, also 
open into the auricle. The opening between the 
auricle and ventricle is sufficiently large to permit the 
passage of three fingers. It is guarded by a valve 
called the tricuspid valve, so named from its consist- 
ing of three curtains of tendinous structure, which 
together are capable of closing the auriculo- ventri- 
cular opening during the contraction of the ventricle. 

The right ventricle forms the greater part of. the 
anterior surface of the heart. Internally the surface 
is covered with muscular bands, from which stretch 
tendinous cords to the extremities of the curtains of 
the tricuspid valve. The shape of the ventricular 
cavity is pyramidal ; and leading from it by a circular 
orifice, is the " pulmonan'' artery," which conveys the 
blood to the lungs. Guarding the mouth of this 
vessel are the semilunar valves, composed of three semi- 
circular folds, each attached by its convex border to 
the side of the artery just where it joins the ventricle. 

The left side oe the heabt contains also two 
chambers, an auricle and ventricle, communicating by 
an auriculo-ventricular opening, guarded by a valve 
called the " bicuspid** or " mitral,** 

The left auricle is smaller than the right, but pro- 
vided with thicker muscular walls. Examined in- 
Ihr, the cavity is found to be provided with an 

tcular appendix, similar to tlie ri^ut \ vxA^ opening 
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into the auricular chamber are four veins, termed 
the 'pulmonary veins, bringing the arterial blood from 
the lungs. The auriculo- ventricular opening is oval 
in shape, smaller than on the right side, and guarded 
by the mitral valve ; so called, from its being formed 
of two flaps or curtains of tendinous structure, 
their extremities being attached to tendinous cords 
in the same way as described respecting the tricuspid. 
The left ventricle is provided with very thick mus- 
cular wjdls, enclosing a cone-shaped cavity ; the in- 
terior presenting muscular or fleshy columns, and 
a small circular orifice, guarded by three semilunar 
valves, leading into the aorta or principal artery of 
the body. 

BloodrYeBsels, 

Blood-vessels are tubes by which the blood is carried 
through the body. They may be divided into two 
systems, venous and arterial ; the former conveying 
the blood to the heart, the latter carrying it from 
that organ to different parts of the frame. These 
two systems of vessels communicate by means of 
very minute tubes, called capillaries, through the 
waUs of which the influence of the circulating fluid is 
exerted on the tissues. 

AsTEEiES (so called from the old notion that they 
contained air), are vessels which distribute the arterial 
blood to the system. The walls of arteries possess 
the power of contracting on their contents, thus aiding 
the heart's action in propelling the blood onwards in 
its course. The vessels are contained in a loose 
sheath of areolar tissue, their walls being composed 
of three layers, external, middle, and internal. 

The external coat is firm, tough, and strong, made 
up of fibrous and elastic tissues, giving the greatest 
strength to the arterial wall. 

The middle coat is thick, anA. (^oi^\i\\>\)^u^'ek ^^ ^c^^^. 
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part of the wall, being composed of numerous layers of 

yellow elastic tissue, disposed 
m a circular manner round 
the vessel, and giving the 
power of contractility to the 
artery. 

The internal coat is a deli- 
cate, transparent membrane, 
giving a smooth lining to the 
interior of the vessel. It is 
composed of epithelial scales, 
covering a striated membrane 
of fine fibres of elastic tissue. 
The larger the vessels the 
thicker their walls. They 
are totally unprovided with 
valves, and divide and sub- 
divide till they end in minute 
vessels, termed capillaries. 

The aorta is the largest 
artery in the human body ; 
arising from the left ventricle 
of the heart, it curves up- 
wards, forming an arch, from 
which the vessels that supply 
the head, arms, and upper 
part of the body spring. 
Continuing down, nearly in 
the median line, the aorta 
passes through the thorax 
into the abdominal cavity, 
where it divides into two 
iliac arteries, each again sub- 





1. The arch of the aorta. 

5. The thoracic aorta. 
8. The abdominal aorta. 

4. Branch distributed to the spleen, 
stomach, and liver (coeliac axis). 

6. Benal arteries. 

6^ 7* Arteries to the intestines (me- 
Moferic arteries). 



8. Common iliac artery. 

9. External iliac. 

10. Internal iliac. 

11. I'emoral artery. 

13. Deep femoral. 
IS. Subclavian. 

14. Carotid. 

15. Innominate artery. 
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dividing into external and vntemal iliaCy which again 
give off other arteries to supply the legs and lower 
parts of the body. In its course through the thoracic 
and abdominal cavities the aorta gives off numerous 
large branches to all the important organs, as the 
liver, stomach, kidneys, spleen, &c. 

The arteries which arise from the arch and upper 
part of the aorta are given off at right angles to the 
main trunk, so that the force of the blood coming 
from the heart may be diminished. But in other 
parts of the arterial system, when arteries branch 
at a greater distance from the heart (where the im- 
pulse is not more than sufficient to continue the cir- 
culation), the direction of the branches is oblique, so 
that no resistance is offered to the current of blood. 

Capillaries are delicate vessels, permeating almost 
every part of the body, arranged in a close network, 
the branches being tolerably uniform in size. The 
diameter of these vessels rather exceeds that of the 
blood corpuscles, the coats consisting of a very deli- 
cate membrane, through which the nutritive part of 
the blood acts on the tissues. After this fluid has 
thoroughly traversed the texture, the capillary vessels 
convey it to another system of vessels, called veins. 
The capillaries, therefore, communicate directly with 
and connect the arterial and venous systems. 

Veins are vessels which ramify through the body in 
a manner similar to arteries, but differing from tnem 
in structure and proportionate number. Veins have 
thinner coats than arteries, and want also the elasticity 
possessed by those vessels, but they are provided witn 
internal valves of a semilunar form. 

The walls are composed of three coats, external, in- 
ternal, and middle. 

The external coat is the thickest, consisting of areolar 
tissue, and in large veins of unstriped muscular fibre 
also. 

The middle coat is much thiim.et ^i!![i<^sl \}a^ ^^scc^- 
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spending coat in arteries, and though the ^Z^^ fibres 
exist, they are arranged in a longitudinal instead of a 
circular manner. A layer of m/uscular fibres, however, 
Jias a circular arrangement. 

The internal coat is a thin, smooth membrane, com- 
posed of epithelium and elastic fibre, lining the interior 
of the vessels. 

In the veins, a means of preventing the reflux of 
blood exists in the form of valves. These valves are 
semilunar folds of Uning membrane, two suc^i folds - 
usually occurring together. They do not prevent the 
current of blood passing in the propelr direction, as the . ' 
flaps lie flat against the walls of the vessels ; but di- 
rectly any cause tends to drive the fluid, back, the 
valves bulge out, and meeting in the centre close the 
channel. 

^all veins are not provided with valves, and the/ 
are also found wanting in the largest, .as the vensE* 
cavsB, pulmonary and hepatic veins. 

One single exception with regard to the structure 
of veins and arteries takes place, or rather there exists 
a vessel having the structure of an artery which 
carries venous blood ; and there are also certain vessels 
with the structure of a vein which carry arterial blood. 
This is the case in i^e puJmcmary artery and pulmonary 
veins. 

The pulmonary artery carries venous blood from the 
heart to the lungs, and the pulmonary veins bring back 
the hlood from the lungs to the heart. Veins of large 
size accompany large arteries in their course, and fre- 
quently two veins run with smaller arterial vessels. 

The whole capacity of the venous system is greater 
than that of the arterial, two or three times as much 
blood being contained in the veins as in the arteries, 
in ordinary circulation. 

The venous system collects its branches into two 
great veins, the vena cava superior and inferior. The 
former, collecting the blood from the head and upper 
^mitieB, pours its contents into the right auricle ; 
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the latter, receiving the blood returned from the liver, 
stomach, and other visceral organs, and also from the 
whole of the lower part of the body, opens likewise 
into the right auricle. The superior cava is very short, 
but the inferior is of con- 
siderable length, and ac- 
companies the descending 
aorta, and divides in a 
similar manner into iliac 
vessels. 

The cotirse of the Blood 
through the Seart cmd 
Blood-vessels, 

The blood constantly 
circulates through the 
living body at a certain 
rate and in a certain direc- 
tion — a fact that was first 
demonstrated by Harvey 
in the year 1628. 

The course of the blood 
may be thus described : — 
The two great veins, the 
vena cava superior and 
inferior, collecting the 
blood from the upper and 
lower parts of the body, 
pour it into the right auA- 
cle of the heart. The 
fluid passes from that ca- 
vity through the auriculo- 
ventricular opening into 
the right ventricle. Prom 
tlrence it is propelled into 

Veins of the Trunk: 1, superior vena cava; 2, S.leftandrieht venainnominata; 
4, suuclavian vein ; 5, 6, 7, the internal, external, and anterior jug^ular veins ; 
8, the inferior vena cava; 9, 10, the external and internal ili«ANv:vcA\W.,N^'t. 
common iliac veins; 12, lumbar veins-, IS, TOttm'BX.\tN«iVok.\\V"Vb,'CftR,^«o3^ 
reins going to the kidneys ; 16, hepatic vciM-, Yl,\%,\'i,'3«i,'£V, wi^tf»^'e^»^* 
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the puImonaiT artery, and carried by that vessel to 
the lungB, where it ia exposed to the influence of 
the air. After having circulated through the lunge, 
the blood enters the pulmonary veiiifl which bring 
it back to the heart, pouring it into the left auricle. 
From that chamber it passes into the left ventricle, 
and is finally driven thence inte the aorta, and dis- 
tributed to the body, after which it is again col- 
lected by the veins, and brought back to the right 
aide of the heart, to go over the same course again. 




snTeyiBg the m 
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Cautei of ike Circulation tkrough the Heart. — The 
contraction of the chambers of the heart, assisted by the 
elasticity of the coats of the arteries, produces that on- 
ward flow of the blood through the body termed circula- 
tion. Though composed of striped muscular fibre, the 
heart is involuntary in its action. It is a very irritable 
organ, that is, can be easily eicited to contract and 
expand ; but to what this power is due has yet to he 
determined. Some have imagined that the blood 
exerted a peculiar stimulating influence on the lining 
membrane, which caused the contractile action ; but 
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this is disproved by tlie fact that after the heart has 
been removed from the body, a slight irritation will 
cause a renewal of its movements in their regular order 
of succession. Especially is this the case in fishes 
and amphibious animals ; the heart of a frog for ex- 
ample, retains the power of pulsating many hours 
after its detachment from the body. Hence, it must 
be concluded that the irritability of the heart is an 
endowment of its own, existing in the structure itself 
The brain and spinal cord, however, exert some in- 
fluence on its action; for though experiments have 
proved that the gradual removal of either, or both 
these great nervous centres from the body of inferior 
animals, will not arrest the heart's action, still their 
sudden destruction produces a cessation of the pul- 
sations. Distributed through the substance of the 
heart are numerous small nervous ganglia, which may 
possibly act as so many centres or organs for the 
production of the motive power. 

In propelling the blood, the auricles and ventricles 
alternately dilate and contract; the contraction of 
the auricles is simultaneous and precedes that of the 
ventricles ; the contraction of the ventricles • is also 
simultaneous, the dilatation of the chambers follow- 
ing the same rule. To describe the heart's action: 
Let it be supposed that the walls of the auricles and 
ventricles are relaxed, and their cavities beginning to 
dilate; blood pours into the right auricle from the 
venaB cavse, a portion passes on into the ventricle, but 
the auricle becomes filled first, and fully distended ; 
immediately this happens, it quickly contracts, forcing 
the blood into the ventricle, which, being thus filled, 
also contracts, driving the blood into the pulmonary 
artery. During the auricular contraction, the blood 
is prevented from returning into the veins, by a con- 
traction at the mouths of these vessels, and any reflux 
of blood from the ventricle into the auricle is hindered 
by the tricuspid valve closing the auriculo-ventricular 
opening ; for, during the contraction oi A;Jsv<& ^^Ti5ctv€\fc. 
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the fleshy columns in the interior also contract, pulling 
the folds of the valve away from the walls of the 
cavity, by means of the tendinous cords, and the 
blood, getting behind the valvular flaps, forces them 
into the opening. In the pulmonary artery, the blood 
is carried on to the lungs, any regurgitation being 
prevented by the closure of the semilunar valves. 
Simultaneous with this action of the auricles and 
ventricles on the right side, the same kind of action 
goes on in the left side of the heart ; the blood comes 
from the pulmonary veias into the auricle, which, 
getting quite full, contracts and fills the ventricle, 
whence the fluid is propelled into the aorta. 

Directly the auricles have contracted, they begin 
to dilate again, and to be filled with blood ; whilst 
they are filling, the ventricles are performing their 
contractions; this being ended, the ventricles also 
expand, and blood flows into them from the auricles, 
bringing the action to the point at which the descrip- 
tion commenced. 

Heaet Soitm^ds. — On listening to the chest, two 
sounds, following each other in quick succession, will 
be detected. These sounds are caused by the heart's 
action; the first is dull and prolonged; the second, 
sharp and short, followed by a pause, when the sounds 
are again repeated. The first sound is caused by 
the contraction of the ventricular walls, and the 
closing of the tricuspid and mitral valves ; the 
second arises from the shutting of the semilunar 
valves on both sides of the heart. If a period of 
time be assigned to this " rhythm " of the heart, it will 
be found, on dividing it into four equal portions, that 
two parts are occupied by the first sound, one by the 
second, and one by the pause. The pulse at the 
wrist follows almost immediately the production of 
the first sound, and, at the same time, the heart has 
an impulse given to it by its action, which tilts the 
apex forwards against the wall of the chest. 
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Frequency and force of the Hear f 8 Action. — The 
ventrides of the human heart can propel about three 
ounces of blood at one stroke ; the force with which 
they act being estimated at about equal to ^^j^th of 
the weight of the body for the left, and about half that 
power for the right ventricle. The force of the cur- 
rent of blood in arteries near the heart, has been 
determined by introducing the end of a tube, and 
permitting a column of blood to rise, and this experi- 
ment, performed on the carotid of a horse, showed 
that the blood would rise ten feet, from the force of 
the circulation. From similar experiments on various 
animals, it may be calculated that the human heart 
has the power of raising a column about seven or 
eight feet high, equal to about four or five pounds 
weight. 

The number of contractions made by the heart in 
one minute varies according to age, sex, and stature ; 
health or disease, muscular exertion, mental emotion, 
&c., produce considerable differences. In a state of 
health the number of beats per minute is — 

In a newly bom infant 130 to 140. 

During the third year 95 „ 105. 

Froml4to21 75 „ 85. 

„ 21 „ 60 70 „ 75. 

Inoldage 75 „ 80. 

In the male and female sex, persons of the same 
age being taken, cateris paribus, the beats in the 
female w2l exceed those in the male by from ten to 
fourteen per minute ; and with regard to height, the 
pulse will be found to be more rapid in short than 
tall people. 

Movement of the Blood in the Arteries. — The con- 
tractility of the arterial coats enables them to exert 
a propulsive force supplementary to the heart's 
action. Unless this was the case, it is evident that 
the blood would be propelled violently, and in sudden 
gushes through the aorta and great vessels ^xf^akc^'^ 
from it, but slowly and witti fli&cxj^^^ \JcaQ»\y^-^'^'^^'^^ 
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remote from the heart's influence. To obviate this 
inequality, all arteries are provided with elastic walls, 
the smaller vessels possessmg greater elasticity than 
the larger ; an equable flow of the circulating fluid is 
thus produced, and the pressure on the coats of the 
arteries more equally diffused than would otherwise 
be the case. The rate of movement of the blood 
through the arteries has been estimated at about 
twelve inches per second; the lateral pressure on 
their walls about suflScient to support a column of 
mercury six inches high. If the finger is placed on 
the radial artery at the wrist, the expansion of the 
coats will be felt ; still, the feeling of pulsation is due 
not only to this cause, but also to the elongation and 
elevation of the artery firom its bed at each beat of 
the pulse. 

Movement of the Blood in the Capillaries, — The 
movement of the blood through the arteries, is clearly 
caused by the propulsive force exerted by the heart, 
aided by the elasticity of the walls of the vessels 
themselves, but the cause of the circulation through 
the capillaries is not so manifest. Possibly the blood 
is propelled into them with sufficient power to main- 
tain its flow through their channels, though some 
additional force may exist in these vessels independent 
of this vis-a-tergo. Certain it is that the heart of 
cold-blooded animals may be removed, or their brains 
partly crushed (sufficiently so to destroy life) without 
arresting the circulation in the capillaries. Still the 
nervous system must have at least some influence on 
the capillary circulation, as exemplified in the act of 
blushing. One other cause has been assigned as 
accessory, namely, a certain sucking power, supposed 
to be exerted through the venous system, due to the 
dilatation of the chambers on the right side of the 
heart. The movement of the blood through the 
capillary system (which is 400 times as great in area 
as the arterial) is extremely rapid, the blood passing 
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onward being poured into the small veins formed by 
the union of the minute capillaries. 

Motion of the Blood in the Veins is slower than in 
the arteries, inasmuch as the capacity of the venous 
system is three times as great as that of the arteries ; 
and as the current of venous blood has to ascend from 
the lower part of the body to the heart, the onward 
movement is retarded by the force of gravity exerted 
on the columns of blood in the veins, though the 
valves, with which the venous trunks are provided, 
prevent any return of the blood when once past 
them. 

The cause of the onward movement of the blood in 
the veins is chiefly due to the via-a-tergo, resulting 
from the force with which the heart and arteries 
drive the blood through the capillaries. But, besides 
this power, it is possible that the expansion of the 
chambers on the right side of the heart exerts a suck- 
ing force, drawing the blood upwards, and the act of 
inspiration may also assist the process; a partial 
vacuum being formed in the chest, probably induces 
an increased flow of the blood through the vena 
cava. There is still another influence that certainly 
aids the venous circulation to a great extent, the 
compression exerted on the veins by the muscles 
when in action — a fact which is well illustrated in the 
injurious efiect produced by sudden movements in 
persons suffering from diseased heart. 

Any obstruction to the passage of blood through 
the lungs, or heart, will act by impeding the flow of 
blood into the right side of the organ, and be followed 
by venous congestion, which may result in the pouring 
out of the fluid portion of the blood through the 
walls of the vessels, constituting dropsy, a sequence 
so commonly seen in cardiac diseases. 

*#* For a description of the heaH, blood-vessels, and drculct' 
tion in the Lower Animals, see p. 116. 
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Anatomy of the Inrngs and Windpipe, 

In the human subject the lungs or organs of respi- 
ration are complex structures, by means of which tne 
blood is exposed to the action of the air. 

The lungs are two in number, conical in form, and 
invested by a membrane called the plettra. The right 
lung is the larger, and is divided into three lobes ; the 
left is only divided into two. Each lung is supported 
by its " roorfc," which is formed by the pulmonary 
vessels opening into the heart and the great bronchial 
tubes communicating with the trachea or windpipe. 

The Trachea is a membranous tube of fibro-muscular 
structure, surrounded by about fifteen to twenty fibro- 
cartilaginous rings, deficient at the posterior part, the 
rings being connected by yellow elastic fibrous tissue, 
and the whole canal lined with mucous membrane, 
covered with ciliated epithelium, and moistened by 
secretions from numerous tracheal glands. At the 
upper part the trachea communicates with the larynx, 
which contains the organs of the voice, and leads to 
the mouth. At the lower extremity the windpipe 
divides into two tubes, called bronchi, the right being 
larger than the left, and passing into the lung almost 
at right angles to the trachea ; the left descends ob- 
liquely, and passes under the arch of the aorta to reach 
the left lung. On entering the lungs the bronchi 
divide and subdivide into numerous small branches, 
like the branches of a tree, till they are no larger than 
the i^jth or ^^^th of an inch in diameter ; the cartila- 
^nous rings which are observed in the trachea become 
incomplete, and finally terminate and are lost alto- 
gether in the bronchi. When near their termination, 
the bronchial tubes become veiy minute, and open into 
little closed sacs or air vesicles, a cluster of these cells 



BESPIKATIOTT. 105 

forming a lobule. The diameter of the eelle is about 
^i^th of an inch, and it has been calculated that 
nearly 18,000 air cells are grouped round each ter- 
minal bronchus, so that the whole number in the lungs 
woiild amount to about 6,000,000, 

Entering the lungs with the bronchi are the pul< 
monary arterieB and veins. The arteries divide into 
numerouB minute capillaries, which ramify between 
the au--cella in such a manner that both sides of the 
vessels are in contact with the air-vesicles. The pol- 
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monary veins arise from these capiUaries, and pass out 
at the root of the lung to enter the heart. The whole 
mass of pulmonary tissue, therefore, consists of brQuabi . 



106 AKIUAL PIITBIOLOOT. 

surrounded by air-cella, between which the capillary 
plexusea are deposed, the walls of the capillarieB beiug 
closeij' Burrouiided bj the ait-veBtcles, and in imme- 
diate contact with 
their walls ; ao that 
between the circu- 
lating fluid and the 
atmoapheric air no- 
thing but the thin 
walla of the air-cella 
and capillaries inter- 
venes. Lining the 
inner side of the tho- 
racic cavity, and re- 
flected thence on to 
the external surface 
of each lung, inveat- 
l ing.it very cloaely, ia 
\ a serous membrane, 
I termed the pleura, 
[ eonatituting a aepa- 
rate lining on each 
side of the thorax, 
t and the approxima- 
tion of the two re- 
flected pleune form- 
\g ing a aeptum, which 

ri(iii mowt omy mc uruncuut aim in nmimoi- divides the chest in- 

"°'"" to two pulmonary 

cavitiea, quite distinct from each other, bo that the 
injury or collapse of one lung doea not interfere with 
the action of the other. 

The fibrous coats of the larger bronchial tubes con- 
tain muscular fibre, but in the smaller ramifications 
the muscular structure is wanting. A considerable 
degree of contractile power, therefore, exists in these 
tubes, which may be called into action by mechanical 
stimuli or nervous excitement; but the exact purpose 
served by tiiis contractile power la scarcely cortoiui 
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it may assist the contraction of the lungs in expelling 
air and mucus, or it may help to regulate the supply 
of air to the air- vesicles. 



Movements of the Lungs dniring respiration. 

The movements by which the air is drawn into and 
forced out of the lungs are termed the act of inspiration 
and expiration. The chest, lined by the pleura, is a 
cavity completely closed on all sides, shut in by the ribs 
and intercostal muscles, the diaphragm forming the 
floor ; when this cavity expands, the ribs rise, and the 
diaphragm descends from a convex form to nearly a 
plane surface. The first and upper ribs in women have 
a greater freedom of motion than in men, causing the 
breast to rise at each inspiration ; whereas in men the 
chest expands more generally, especially at the lower 
part. In a state of health the lungs, heart, and great 
vessels fill the cavity of the chest, so that when the 
muscles, acting on the ribs, enlarge that cavity, the 
lungs also expand, and air rushes down the trachea 
through the bronchi into the pulmonary structure. 
Unless this took place, a vacuum would exist between 
the wall of the chest and lungs ; consequently, the 
tendency to form the vacuum causes the pulmonary 
tissue to expand. If the wall of the thorax is perfo- 
rated by a wound, and air admitted into the pleural 
space, the lung on that side ceases to act, as at each 
expansive movement of the chest the air rushes in 
through the wound, and prevents the formation of the 
vacuum. Should it happen that both pleural cavities 
were wounded, as might be the case froin the travers- 
ing wound caused by a sword^thrust, both lungs would 
collapse, and asphyxia, or death by suffocation, would 
ensue. 

After the act of inspiration has taken place, the air 
is forced out again by the expiratory movements ; and 
this is effected by the relaxation of the external inter- 
costal muscles, and the contraetvoTi oi\}ci'^\fiiL^TtisSS.\ss.- 
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tercostals, drawing down the ribs, and diminishing the 
size of the thoracic* cavity, aided by the elasticity of 
the walls of the chest, and the return of the dia- 
phragm to its arched form. The lungs, therefore, 
pressed thus on all sides, diminish in bulk, the elas- 
ticity of the pulmonary tissue itself assisting the con- 
traction, and forcing the air out through the air 
passages. Thus air is drawn in and expelled alter- 
nately from the chest, the movements being repeated 
about twenty times in a minute in a healthy person ; 
but in some diseases the respiratory movements follow 
in succession much more rapidly. 

The " vital capctcity^^ of the chest is measured by the 
quantity of air that can be forced out at one expira- 
tion, and varies usually in proportion to the height of 
the individual. Thus, the capacity of the chest in a 
man of five feet high would be about 174 cubic inches, 
and, under similar circumstances, in a person six feet 
in height, 260 cubic inches. 

Of the Air taken into the Lungs during Respiration. 

Air taken into the chest at one inspiration is not 
wholly expelled by the following expiration, for if this 
was the case, the fresh air would only reach the larger 
bronchial tubes, without penetrating to the smaller 
branches or air- vesicles. This is obviated by the 
mixture of the fresh air with the impure or " residual" 
air remaining in the chest, due to that mutual dif- 
fusion that takes place when two gases come into 
contact. 

The action of the atmospheric air on the blood 
passing through the pulmonary capillaries is the most 
important feature in respiration. The venous blood, 
charged with carbonic acid, is conveyed to the lungs 
by the pulmonary arteries, and distributed to the 
capillaries ; the air (which is composed of oxygen and 
nitrogen), entering the minute air-cells, acts on the 
blood through the walls of the cells and capillary 
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vessels, giving up its oxygen to the venous blood, that 
gas being replaced by a rather smaller bulk of carbonic 
acid evolved from the blood. Thus, the oxygen passes 
into, and the carbonic acid out of the venous blood by 
what is termed endosmose and exosmose. The oxygen 
admitted does not immediately become changed into 
carbonic acid, but converts the venous into arterial 
blood, which is returned to the heart, and distributed 
by the arteries to the tissues on which it acts, the 
oxygen uniting with the carbon to form carbonic acid. 
In the same way, the carbonic acid exhaled is brought 
to the lungs for elimination, and not formed in the 
organs themselves. In proof of this, experiments have 
shown that when frogs or snails are made to breathe 
hydrogen, carbonic acid is evolved and given off to a 
considerable amount. 

The quantity of this gas exhaled by a human being 
varies so much according to the influence of tempera- 
ture, age, sex, health, sleep, repose, &c., that no very 
exact standard can be affixed ; roughly it may be stated 
to equal eight ounces troy per diem, the amount giv^n 
off during the waking state exceeding that evolved 
during sleep. 

Besides carbonic acid, nitrogen and watery vapour 
are given off from the lungs. With regard to the 
nitrogen, it seems probable that the quantity evolved 
is balanced by an equal quantity absorbed with the 
oxygen. The air, therefore, that is exhaled differs 
from that which is inspired, inasmuch as it contains 
carbonic acid in the place of oxygen, and is impreg- 
nated with a large amount of watery vapour, as much 
as from six to twenty-seven ounces oeing exhaled 
during the day. 

Infiuence of the Nervovs System on Bespiration, 

Though the respiratory movements are to a great 
extent under the control of the will, their involuntary 
succession of continued actions depends cm. t^^ts^n^^ 
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influence. When air is withheld, a certain feeling, 
called the "besoin de respirer," arises, caused by irri- 
tation of the great ^^ vagus'^ nerves, which are the 
excitor nerves of the lungs ; these convey the sensa- 
tion to the upper part of the spinal cord, called the 
medulla oblongata, from whence it is reflected to the 
motor nerves — the ^^phrenic^^ — ^which induce the respi- 
ratory movements. 

The common phenomena of sobbing, yawning, sigh- 
ing, &c., are merely modified respiratory movements, 
influenced by mental or nervous causes, and the sudden 
dash of cold water on the face or chest will in like 
manner produce a reflex effect on the respiration. 
The result of depriving an animal of air is death by 
asphyxia, consequent upon the accumulation of car- 
bonic acid in the blood, and the distribution of this 
impure fluid to the heart and brain. If, on the other 
hand, an undue amount of oxygen is supplied, or if an 
animal is made to breathe that gas alone, undiluted 
with nitrogen, the vital activity becomes too great, 
the animal, so to speak, " lives too fast," and the whole 
mass of the blood is oxygenated, followed by stagna- 
tion of the fluid, death ensuing in about six hours ; 
but whether this result arises from the alterations in 
the properties of the blood, or from some undue action 
of the oxygen on the nervous system, is uncertain. 

The inhalation of arsenuretted and sulphuretted 
hydrogen, or the fumes of strong hydrocyanic acid, 
produces death with great rapidity, evidently from 
the injurious action of these gases on the nervous 
system. 

Bespiration in other Animals. 

In the lower animals the respiratory apparatus is 
much more simple than in man, being adapted to the 
requirements of the particular types, and modified 
according to the manner in which the air is destined to 
act Thus, in the inhabitants of the water, branchisB, 
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or ^lla, situated externally, take the place of the 
internal pulmonary structures of terreatial animalB ; 
and, in cold-blooded species, tbe respiratoiy function 
is very limited, aad, consequently, the vital activity 
much leas than in the warm-blooded, the amount of 
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Tnantle of this bivalve mollusc is very freely supplied 
with blood, which is aerated by the water continu- 
ally admitted between the shells. 

In Jrticulata, the annelida and Crustacea are pro- 
vided with a branchial apparatus. 

Insects possess a different arrangement ; as they are 
endowed with a great degree of vital activity and mus- 
cular energy, causing a corresponding waste of tissue, 
they require a very free supply of oxygen. To meet 
this demand, there exists an elaborate system of tubes 
caUed "trachea," ramifying throughout eveiy part of 
the frame, communicating with the exterual air by 
numerous pores, termed "spiracles," situated at the side 
in each segment, frequently provided with a grating or 
network at the entrance, to exclude dust, &c. The 
spiracles open into short tubes, which communicate 
with two trachesB running the whole length of the 
body, one on each side, from which numerous branches 
are given off; and, sometimes, air-sacs are attached to 
the tracheae near the head. On these canals and air 
vesicles the minute blood-vessels ramify. 

Vertebrate animals, as before stated, differ consider- 
ably with regard to their pulmonary apparatus, accord- 
ing to the circulation of warm or cold blood in the 
system. 

BeptiUs are provided with lungs of very simple 
structure, though they are of large size in proportion 
to the bulk of their bodies. The trachea leads into 
bronchial tubes, which open directly into two large 
sacs (occasionally, as in serpents, only one exists), the 
walls being very thin, and full of depressions. Running 
down on one side of the sacs, are the pulmonary 
arteries ; on the other the pulmonary veins, communi- 
cating with the arteries by a network of capillary 
vessels. Thus, the capillaries are spread over the 
sides of the sacs, only one wall of the blood-vessels 
being in contact with the wall of the air-chambers. 
~' e cavity of the chest is not shut off from that of 
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the abdomen by a diaphragm, so that air enters the 
pulmonary cavities slowly, and with difficulty, and is 
not drawn in by any means similar to that provided in 
the human subject. Some reptiles, indeed, are com- 
pelled to swaliow th^ air by a process resembling 
deglutition. 

Though the structure of the lungs is so simple in 
the lower reptiles, some of the higher species, as the 
turtle and crocodile, are provided with more complex 
organs, the pulmonary sacs being separated into nume- 
rous cavities by distinct partitions. 

Fishes possess gills of complex structure, over which 
the water is made to flow in a rapid stream. The 
mouth being first distended, the fluid is forced out 
through the gills by the action of the muscles sur- 
roun£ng the oral cavity. Thus, the blood circulating 
through the branchisB, is submitted pretty freely to 
the influence of the air, which is but sparingly dis- 
solved in water. In addition to this means of aerating 
the blood, the air or swim-bladder of some fishes, is 
supposed to assist in the process. This air-bladder in 
certain fish is found to communicate with the alimen- 
tary canal by a short duct, and as such fishes are 
frequently observed to rise to the surface to swallow 
air, it is probable that it passes into the air-bladder, 
and that the carbonic acid evolved is discharged 
through the other end of the canal, per anum. 

The gills of fish consist of four or five bony or carti- 
laginous arches, from which hang laminaB, composed of 
minute processes of bone, arranged like fringes, with 
ramifications of the branchial artery and vein distri- 
buted to them ; the whole apparatus being contained 
in a cavity communicating with the mouth, and also 
opening outward on each side under a bony flap or 
operculum. 

In Birds, the respiratory apparatus consists of two 
lungs enclosed in a pleural cavity, communicating with 
large air-sacs contained in the abdomen. The lungs 
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are attached to the back of the thoracic cavity, which 
is shut off from the abdominal by an imperfectly 
formed diaphragm. / ^ 

The structure of the pulmonary organs is lobular, 
each lobule being provided with its own bronchial 
tube leading direct to the windpipe. In the centre of 
every lobule is a cavity, surrounded by and opening 
into a number of sacculi ; the walls of these sacculi 
being composed of meshes of blood-vessels, the air has 
access to the capillaries on all sides, giving a very free 
supply of oxygen, rapidly aerating the blood, and thus 
fulnlhng the demand that the vital activity of the 
animal produces. Birds, more than any other class of 
beings, require a constant supply of fresh air to their 
lungs, a very small amount of impurity speedily proving 
fatal. Even the bones of birds are made subservient 
in assisting the respiratory function ; for they are 
hollow, and communicate with the lungs; thus, breath- 
ing can be carried on through an opening in one of 
the larger bones, after the trachea has been tied. In 
aquatic species, however, the cavities in the bones are 
filled with marrow ; and, indeed, in all birds, this is 
the case whilst they are young. 

As no perfect diaphragm exists,the respiratory action 
is not quite the same as in mammals ; the muscles 
of the chest and abdomen, when contracting, act on the 
very elastic ribs, driving the sternum inwards, diminish 
the cavity of the chest, and force out the air ; but as 
soon as the muscles cease to act, the bones spring 
back to their original position, the cavity is again 
enlarged, and air .rushes in to fill the lungs and 
air-sacs. 

Mammals breathe by means of lungs, the organs 
being restricted to the cavity of the chest, which is 
shut off from that of the abdomen by a complete 
diaphragm. Although the bulk of the respiratory 
apparatus of mammals is less in comparison with the 
size of the body than in birds or reptiles, the peculiar 
arrangement of the organs, and their minute sub- 



POETAL CmCULATIOK. 115 

division into numerous air-cells, gives a much larger 
amount of surface on which the blood is exposed to 
the action of the atmosphere. 

The description of the human lungs alreadjr given, 
will serve for that of mammals generally. 



THE POETAL CIECIJLATIOK 

In addition to the circulation of blood through the 
lungs, a second and subordinate kind, called the por- 
tal circulation, is carried on through the liver. 

The vessels that bring the blood to the liver are 
veins, and the vessels that take it away from the organ 
are also veins ; the circulation, therefore, is entirely 
of a venous character ; but, though the blood, after 
passing through the gland, still remains venous, cer- 
tain changes occur in its composition. 

The portal circulation may be thus described ; the 
veins returning the blood from the spleen, stomach, 
and intestines, unite and form the vena portae ; venous 
blood is, therefore, carried from these organs to the 
liver by the portal vein, and that vessel, dividing into 
the m^^-lobular veins, distributes the blood to the 
intra-lohnl&T plexuses ; the fluid is then collected by 
the intra-lobmsLr veins, which, it will be remembered, 
unite and form the hepatic veins, and these carry the 
blood into the ascending vena cava, to mix with the 
venous current coming from the system at large. 
Thus it appears that the venous blood from the organs 
of digestion is carried to the liver by the portal vein, 
and after circulating through the minute capillary 
plexuses of the organ, it is collected by the hepatic 
veins and carried into the general venous circulation. 

The blood conveyed by the hepatic artery to the 
liver, for the nourishment of the organ itseU^ after it 
has performed this function and become venous, is 
poured into the vena portaB, forming part of the mass 
of venous blood from which the bila \a ^YCKvaaiu^^. 
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Whilst traversing the capillaries of the liver, the 
portal blood excretes the bile, or rather supplies ma- 
terial to the small cells existing in the meshes of the 
intra- lobular plexuses, by means of which the bile is 
elaborated ana discharged into the biliary plexuses, to 
be conveyed to the bile duct. 

It is evident that certain changes must take place 
in the composition of the blood coming to and passing 
through the liver — that is to say, the hepatic veins 
will contain a different kind of blood to the portal. 
Thus, in the hepatic there is less water, albumen, and 
saline matter, and more grape sugar than in the 
portal. 

The function of the liver may be considered to be 
two-fold : 

1st. To excrete the bile, and thereby eliminate cer- 
tain hydro-carbons from the blood. 

2nd. To produce certain changes in the blood sub- 
mitted to the action of the hepatic organ, chiefly by 
forming a peculiar sort of sugar termed liver sugar. 



THE HEAET, BLOOD-VESSELS, AND CIECr- 
LATION IN THE LOWER ANIMALS. 

The lowest types in the animal kingdom possess no 
true blood-vessels or circulation, all their parts being 
bathed in the nutritive fluid. The first approach to 
a circulatory apparatus is the separation of the diges- 
tive and alimentary canal from the general cavity of 
the body, the process of nutrition going on by the 
transudation oi the nutritive fluid through the walls 
of the canal. In many animals of not quite such low 
organization, three or four contractile vessels are 
found without any appearance of a heart, the whole 
being termed " a water vascular system." Proceed 
ing higher in the animal scale, a heart more or less 
rudimentary, and true blood-vessels will be found 
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present. Thus, in many of the higher MoUusca and 
Articulata, a tolerably perfect circulatory system 
exists ; in the latter, the heart consists oi a single 
chamber, or ventricle ; but in the former an auricle 
is added. Vertebrate animals of all kinds possess a 
heart and system of blood-vessels of a complex cha- 
racter; amongst the cold-blooded vertebrata, the 
circulation in reptiles and fishes deserves more especial 
notice. 

Circulation in Fishes, 

Pishes are provided with what is termed a branchial 
heart — that is, the blood proceeds immediately from the 
heart to the branchisB, or gills (organs supplying the 
place of lungs). The heart of a fish has two chambers, 
one auricle and one ventricle, besides a large dilatation 
of the principal vein, called the sintis venostis. The 
ventricle is a muscular chamber communicating with 
a large pouched arterial trunk, the hulhis arteriosus, 
from which four or five vessels arise and ramify in the 
gills or branchial arches. 

Communicating with these vessels, at the other ex- 
tremity, are the branchial veins, which collect and lead 
into the large systemic artery of the body, the aorta. 

The circulation may be thus described:* — Blood 
passes from (a) the ventricle, into (h) the bulbus arteri- 
osus, then into the branchial vessels (c), and having been 
aerated there, passes into the branchial veins (c?), being 
carried by them into the aorta (e), which distributes 
it to the body, after which it is collected by the sys- 
temic veins, and brought by them into the sinus 
venosus (q), from whence it passes into the auricle 
(h), and then again into the ventricle to be distributed 
in the same manner. From the branchial arches, two 
or three small vessels convey pure arterial blood to 
the head — an arrangement that also exists in crocodiles. 
Of the blood returned to the heart by the systemic 
veins (/), part is first collected into a trunk that 
carries it to the kidneys and UvOT,«a^\iwvs5L^^"^^s^- 

* See fig., next "^^^^ft. 
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in water. This increased energy would tend, in com- 
bination with other circumstances, to produce a warm- 
blooded animal ; but, as reptiles are destined to lead 
a life of inaetiTity, passing a great part of their 
existence in ft state of torpor, and require blood only 
Blightly oxygenated, a peculiar arrangement takes 
place in their sanguiniferous system. 

The hearts of reptiles possess three chambers — a ven- 
tricle and two auricles ; from the ventricle (a) is given 
oS a large vessel 
(b), the trwncut 
arteriosus divid- 
ing into a series ^^'^\ ""^^--jy 
of arches right vly^ /^^^-T. 
and left, the Hfe^'y^^H 
arches (e) convey 
the blood to the ' 
system at large, 
the other arches 
{d) convey the 
other portion of 
the blood to the 
lungs (e), thus 
only half the 
blood is aerated. 
The blood distri- 
buted to the sys- 
tem is returned to 
the right auricle „ 
(o), whilst the 
blood sent to the 
lungs, after being 
aerated, is return- 
ed to the left auri- 
cle (A), both auri- 
cles pouring their 
contents into the 
ventricle, and this mixture of pure and impure blood is 
tigain distributed as before d^ribe^ Ti^\u&''&%.^<;KnK*. 




Flu a[ Circulitwii is SepliUi. 
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that the blood in the ventricle consists of a mixture 
of venous blood returned from the tissues, and arterial 
blood returned from the lungs; the whole mass of 
the fluid is, therefore, only partly oxygenated, and its 
distribution produces but a low state of combustion 
or vital activity. 

In some reptiles — ^the crocodile for example — the 
heart has a septum in the ventricle, dividing it into 
two cavities ; but in all reptiles a rudimentary par- 
tition exists. 

In "warm-blooded animals," as birds and mam- 
mals, the heart contains four chambers, and a perfect 
double circulation exists ; indeed, so similar is the 
circulating system to that of man, that no separate 
description is needed. With regard to the portal 
circulation, it is only necessary to consider that in 
the human subject simplified, to apply it to other 
vertebrate animals. 



SECEETION AND EXCEETION. 

Iw different parts of the body, certain organs or 
glands exist, by means of which various materials are 
separated from the blood, constituting the processes 
of secretion and excretion. 

Excretion consists of substances already existing in 
the blood, as carbonic acid, urea, &c., which require to 
be eliminated from the system; but secretions are 
elaborated or formed from the blood passing through 
the glands, and consists frequently of substances 
which do not pre-exist in the circulating fluid under 
the same form that they assume in the secretions. 
Thus, the liver secretes the bile, the mammae the milk, 
whilst the kidneys excrete the urine. 

Secretiom, therefore, are elaborated from the blood 
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in glandular structures by the action of the internal 
cells. Pormerly it was maintained that the materials 
required for the secretion were imbibed by and elabo- 
rated in these cells, which remained perfect for a 
time, and then bursting poured out their contents 
which formed the secretion ; lately it has been asserted 
that the cells only abstract certain salts, Ac, from the 
serum of the blood, and that the residue forms the 
secretion. 

Certain conditions influence the amount of secretion 
poured out by the glands ; thus, an increased or di- 
minished flow of blood produces a corresponding in- 
crease or diminution in the glandular activity. The 
nervous system may also indirectly or directly aflect 
the process; mental emotion certainly influences 
many secretions — that of the lachrymal glands for ex- 
ample ; or a change in the vascular supply, resulting 
from nervous influence, may also retard or augment 
the amount of secretion poured forth. 

JExcretions are more simple in their chemical com- 
position than secretions, and many of them are remark- 
able for the facility with which they assume the crys- 
talline form ; at the same time, their accumulation in 
the blood is extremely deleterious, so that they are 
carried off from the system by the excretory organs 
as fast as they are generated. Carbon, oxygen, and 
hydrogen, are the principal elements found in excre- 
mentitious substances ; and the chief product of 
animal decay, carbonic acid, is constantly given off by 
the lungs, ranking as one of the most important 
eliminated substances. Another very important com- 
pound, which passes off through the kidneys in the 
urine, is urea ; the accumulation of the salt in the 
blood speedily produces profound insensibility (or 
coma) and death. The exhalation from the lungs and 
skin, the excretion from the kidneys, and the fsBcal 
matter voided from the intestines, include the chief 
excrementitious substances discharged from the body. 

As a general rule, the subatoii^i^^, ^V'^^^et ^sK^^^st 
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solid, which are poured out by the different glandular 
structures, may be classed either as secretions or ex- 
cretions, according to the manner in which they are 
intended to act on the system, or the effect they have 
on the various functions. Saliva, gastric juice, milk, 
&G., are all destined to serve some further purpose in 
the economy, whilst the urine and faeces are eliminated 
directly from the body, carrying off matter that would 
be either useless or injurious to the system. 

The bile possesses, in a degree, both the character- 
istics of secretions and excretions ; a certain amount 
of the hydro-carbon is removed by its production, and 
at the same time it exerts an influence in the digestive 
process carried on in the alimentary canal. 



THE KIDNEYS. 

Situated in the abdominal cavity, one on either 
side of the spine in the lumbar region, are two si- 
milar glands called the kidneys, by means of which 
the urine is excreted and the refuse nitrogen, 
lime, sulphur, and phosphorus, eliminated from the 
system. 

The external form of the kidneys or renal bodies is 
well knowTi. As they are placed in the body, the 
convex border is turned outwards, and the concave part 
looks inwards towards the spinal column, the central 
depression in the concave border being termed the^^ hiltu 
renalisy The organs are about five inches in length, 
surrounded by fat, and retained in their position by 
cellular tissue ; the right kidney is placed somewhat 
lower than the left, which lies almost directly behind 
the greater end of the stomach ; both kidneys being 
enclosed in a fibrous capsule and surmounted by a 
small yellowish body of soft spongy texture, called 
the supra-renal body. 

The structure of the kidneys is dense and fragile, 
consisting of tubes and blood-yessels. If a vertical 
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section is made, the extenial portion of the organ 
termed the " cortical " part, will be found to be com- 
poaed of blood-vessels uid 
convolutions of small tubes ' 

called the urinijirout tubuU, 
with numerous small, round 
bodies (the malpighian cor- 
puscles) interspersed. The 
internal part of the gland 
will be seen to consist of 
bundles of straight urini- 
ferous tubuli, arranged into 
pyramidfil masses, called 
the cones of the kidney. In 
the middle of the organ 
at the hilus, is an irregular 
cavity termed the pelvis of 
the kidney, into waich the 
cones pn^ect. Leadingfrom 

this cavity is a tube — the ™.,™„™_.^.j , 

ureter — wbichrunsdowntbe """['"^i s, Tsmuiir por od 

, . n J- it i_ ji tubular port on 4 4 pup lin a 

posterior wall of the abdO- mfuiidibuli;tlu!ipareintlie«ii.rc» 

men, and opens into thef^J^^^""!"'™ '^'^'^"'J: "■ 
bladder. The ureter is about 

the siM of a goose-quiU, nearly eighteen inches in 
length, being larger above than below, and composed 
of an external fibrous and an intern^ mucous coat, 
communicating at one end with the pelvis of the ' 
kidney and opening by the other into the urinary 
bladder. The "oonea" of the kidneys, therefore, 
are composed of straight uriniferoua tubes, bound 
up together into pyramidal masses, whicb project 
irregu^rly into the pelvis of the kidney, leaving 
amaU pouches between tbem called the it^mdibula. 
The ends of the unniftirous tubuli composing the 
cones, open at the extremity or papilla of each 
.cone, communicating witb the infundibula, and thus 
.with the pelvis of the kidney, which is in fact the 
-upper part of the ureter enlarged K&&\nfie^R,&'\&.'<^« 
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hi]uB renaliB. Covering the projecting apicea of the 
cones, are cup-like pouches of mucous membrane 
tenned the ealycet. 

The urinary twbuli are about tJo*^ of ^^ i^ich in 
diameter, formed of simple membrane, lined through- 
out with nucleated cella, arranged as an epithelial 
covering. At one extremity, the tubes are open, at 
the other they enter the cortical subatance or external 
part of the organ, become convoluted or twisted, and 
end in little round bodies called the malpighian cor* 



Yesbelb. — Entering the kidner at the hilus is a 
large artery — ^the renal artery — derived from the ab- 
dominal aorta, and leaving the gland in the same 
situation, is a large vein, the renal vein, which opens 
into the inferior cava. The minute subdivision of 
these two vessels form the greater part of the cortical 
portion of the renal organ. The minute distribution 
of the vessels, however, is very peculiar. The renal 
artery divides into numerous branches ; one of which, 
being traced, will be found to enter a small capsule, 
where it breaks up into a 
~^ number of minute vessels, 

forming a vascular ball. 
> Leading from this ball is ano- 
ther vessel which is termed 
the efferent vessel, and several 
of these efferent vessels meet- 
ing, form round the urini- 
ferous tubes a plexus of ca- 
pillaries, from which the 
renal vein arises. The vas- 
cular mass formed by the 
branch from the renal artery, 
\ and provided with an efferent 
' vessel, is in contact with 
) the terminal pouch of one 
of t\ke wnBJ&EouB tubuli ; the 
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whole being enclosed in a capsule, constituting a 
malpigJiian corpuscle. 

The Function of the Kidney is purely excretory, and 
destined to remove from the system a large amount of 
water with certain salts in solution. 

The watery part of the urine is separated from the 
blood in the malpighian corpuscles ; but the solid 
constituents are separated by means of the cells 
throughout the whole extent of the urinary tubes 
which is embraced by the venous plexuses. 

When excreted, the urine passes into the pelvis of 
the kidney, and thence down the ureter into the 
bladder, any regurgitation of the fluid being prevented 
by the manner in which the ureters enter the walls of 
that organ, namely, by passing obliquely for about 
three quarters of an inch between the muscular and 
mucous coats, and then abruptly penetrating the 
mucous lining and opening into the interior. 

The urine collects in the bladder, till the distension 
of its walls produces a sufficient sensation to induce 
an effort of the will to procure the expulsion of the 
fluid. 



The Kidneys of other Animals. 

Eenal organs are but little developed amongst In- 
vertebrata, and always present a tubular structure. 
Thus, in insects, the kidneys consist of two groups 
of tubuli closed at one extremity, and opening by the 
other into the pouch or cloaca at the end of the intes- 
tinal canal. 

Molluscous animals, however, possess renal bodies 
of a follicular character ; but it is not till we ascend 
to the higher sub-kingdom, the vertehrata, that any 
great advance of development will be found. 

Amongst Vertehrata, the urinary organs of fishes is 
the most simple, though the renal bodies are of large 
size. 
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centre or axis, independent ganglia or masses of 
nervous substance, are found scattered in various 
parts of the frame ; and these ganglia and ,the nerves 
connected with them, comprise another portion of 
the nervous system, termed the sympathetic or gan- 
glionic system. From the cerebro-spinal axis numer- 
ous cords or nerves extend to the muscles and other 
organs, forming the medium of connection between 
the distant parts of the body and the nervous centre. 
But the function is not the same in all the nervous 
cords, which are divisible into two classes, the efferent 
or excUor, and the efferent or motor ; the former 
convey impressions from the exteriial parts to the 
brain ; the latter conduct the nervous force from the 
brain to the part where the impression was received. 
Usually, however, both the afferent and efferent 
fibres are bound up together into one nervous cord, 
so that they cannot be separated or distinguished, 
forming as it were a single nerve, with a double func- 
tion. 

The functions of the nervous system may be carried 
on without the participation of the mind, by what is 
termed reflex or excito-motor action; that is, an im- 
pression may be conveyed along an afferent nerve 
to the brain, and there produce a certain effect^ which 
is transmitted to the efferent nerve, through which 
the part supplied by these nerves is put in motion. 
The involuntary continuance of the action of breath- 
ing depends on this excito-motor principle. The 
sympathetic ganglia are also connected with nerves, 
which, for the most part, are distributed to the 
viscera, and are independent of the influence of the 
will; on the other hand, the cerebro-spinal neirves 
are chiefly distributed to the skin, muscles, and 
organs of special sense, as the eye, ear, &c., being 
to greater or less extent under the control of the 
will. 
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ANATOMY OP THE BEAIN AND ITS MEMBEANES. 

Enclosed within the cavity of the cranium is that 
portion of the nervous system termed the brain. It 
fits the cranial cavity very closely ; its form, there- 
fore, in a general way, is represented by that of the 
skull. Covering the brain are three membranes — 
the dura mater, pia mater, and arachnoid. 

The dura mater ^ the most external, is a strong 
fibrous membrane adhering to the surface of the 
bones of the cranium, and sending processes down 
between different parts of the brain, leaving channels 
for the flow of venous blood in some of the mem- 
branous folds. In the young subject the dura mater 
is very vascular, serving as an internal periosteum ; 
but in the adult it is less freely supplied with blood, 
and serves chiefly to protect the encephalon or parts 
within the head. 

The arachnoid, the second membrane, lies under the 
dura mater ; it is very thin and delicate, of a serous 
character, and like all serous membranes, is a closed 
sac, being reflected from the under surface of the 
dura mater^ which it lines, on to the brain and spinal 
cord. 

Neither vessels nor nerves have been traced in this 
delicate membrane, its function, probably, being 
purely mechanical, permitting a certain degree of 
movement of the encephiflon without an undue amount 
of friction. 

The pia wa^er, the internal of the three membranes, 
covering the whole surface of the brain, and dipping 
into all the fissures and sulci on its surface, is a 
highly vascular structure, consisting of numerous 
blood-vessels held together by fibro-cellular tissue. 

The pia mater derives its supply of blood from the 
carotid arteries, and affords nourishment to the sub- 
stance of the brain. 

The membranes covering the brain h»»Nm%\i^'B^ ^'^- 
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moved, the external surface of the organ comes into 
view, presenting numerous folds or convolutions of a 
slate-gray colour, these convolutions being separated 
from each other by shallow fissures, which, in cer-i 
tain situations, extend to some depth in the brain sub- 
stance. 

Two principal divisions exist in the organ, the 
upper and anterior part being termed the cerebrum, the 
lower and posterior portion the cerehellttm. 

The cerebrum is the larger part of the brain, 
making up about six sevenths of the whole bulk. It 
is dividecl into two hemispheres by a deep, longi- 
tudinal fissure running from the front to the back 
of the head; and the under surface is divided by 
fissures into three lobes, anterior, middle, and pos- 
terior. At the bottom of the longitudinal fissure 
is a thick layer of medullary fibres, passing trans- 
versely between the two hemispheres, constituting 
the " great commissure," or corpiM callosum. If the 
upper part of the cerebrum is removed down to the 
corpus callosum, the interior of the brain will be 
found to consist of white fibres, and two irregular 
cavities will be laid open, called the " lateral ven- 
tricles.*^ Bounding these cavities are various projec- 
tions of brain substance, and in other parts of the organ 
two additional cavities exist, termed the third and 
fourth ventricles. The interior of these small chambers 
is lined by reflected processes of the arachnoid. 

The cerebellum forms only one seventh of the 
whole brain, and is situated beneath the posterior 
lobes of the cerebrum, from which it is separated by 
a process of the dura mater, called the tentorium. 
Like the cerebrum, the cerebellum is divided into 
two lobes by a fissure, being connected also by com- 
missures; the inferior termed the pons Varolii, and 
the superior the vermiform process. The external 
surface consists of gray matter; but, instead of 
taking the form of convolutions, it is arranged in 
parallel laminae, separated by fissures. 
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If a vertical inciaion ia made into tte cerebellum, 
the interior presents the white substance and a pecu- 
liar arrangement of fibres, resembling the branches 
and leaves of a tree, called the arbor vita. 

At the base of the brain are many important struc- 
tures ; at the anterior part, running directly forwards. 
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are two nerves, the olfactory ; just behind these, in 
the centre of the space between the two middle lobes 
of the cerebrum, is the origin of the two optie nerves, 
forming the optie commUiwe ; and a little further 
back ia a large, arched prominence C<^QfniY^«j^ c^ ^ 
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broad band of white fibres), called the pons Varolii. 
Joining this posteriorly, is the upper part of the spinal 
cord, termed the medulla oblongata^ and in front and on 
either side of the pons several smdl nerves issue forth. 



THE SPINAL COED. 

Extending from the pons Varolii to the lumbar 
region, enclosed in the spinal canal, is a long cord of 
nerve substance, forming the remaining portion of the 
cerebro-spinal axis, and termed the spinal cord or 
fiMrrow. The upper portion is enlarged, and receives 
the name of the medulla oblongata. At the lower ex- 
tremity the cord actually terminates about the second 
lumbar vertebra, part of the structure only, in the 
form of white bands, being continued farther down the 
canal, constituting what is termed the cavda equina. 

The form of the spinal cord is a flattened cylinder, 
presenting a fissure on its anterior and posterior 
surface. These fissures extend the whole length of 
the cord ; and, covering it externally, are three mem- 
branes, continuous with those of the brain, and named 
in the same manner dura mater, arachnoid, and pia 
mater. 

The du/ra mater of the cord resembles that of the 
brain as regards structure, but it is only loosely con- 
nected with the walls of the spinal canal. 

The arachnoid is like that of the brain, and embraces 
the cord very loosely, leaving a space between the two 
structures, which is filled with fluid called the sub- 
arachnoidean fluid. 

The pia mater of the cord differs from that of the 
brain, tnough it is continuous with it ; for, instead of 
being a delicate, vascular membrane, it is strong and 
fibrous, containing very few blood-vessels. It extends 
into the anterior and posterior fissures of the cord, 
and sends off' fibrous processes, called the '^ ligamenta 
dentata. " 
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The medulla oblongata, or upper part of the spinal 
cord, is somewhat conical in shape, and about an inch 
in length ; two fissures, an anterior and a posterior, 
run longitudinally on the surface, dividing it into two 
symmetrical lateral columns, which are again divided 
into three smaller portions by slighter fissures. At 
its lower extremity the medulla oblongata joins the 
more contracted part of the spinal cord which passes 
down the spinal canal. ^^v^v 

If a transverse section of y T\~ * 

the spinal cord is made, the / ^^ \-. 
posterior longitudinal fia^ ( ^^^ ) "';;::::;> j 
sure will be found to be \^^^^J\^^..,^"^'^^ 
very narrow, extending V 

deeply into the substance, < 

but the anterior longitudinal Scctioa of the Spinal Cord. 

fissure will be seen to be J; i^terS^coiumM!* 

wider, extending into the r. Anterior columns. 

cord to about one third of its diameter. 

These two fissures divide the cord into two great 
lateral columns, which are connected by a commissure 
of medullary substance. Each column is again divided 
into three lesser columns by slighter depressions. 

The external portion of the spinal cord is white 
and the internal gray, each latent! column having its 
central gray portion ; and the same arrangement exists 
in the commissure. 

The form of the gray matter situated in either 
lateral column is that of a half or new moon, the con- 
vex surfaces being turned towards the commissure, so 
that the convexity of both portions of gray matter 
look towards each other, beinff united by a transverse 
band. At certain intervals ^down the spinal cord 
spring the spinal nerves ; and the horns of the moon- 
shaped gray matter extend towards the spot from 
which the nerves arise. The anterior horn ends 
before it reaches the surface of the cord, but the 
posterior, which is the smaller, is continued by a fins 
filament to the sur£ice. 
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The internal gray substance continues down the 
cord to the second lumbar vertebra, where it termi- 
nates, the white substance alone being prolonged, in 
the form of numerous white bands or separate fibres, 
extending as far as the sacral part of the spinal canal. 
This termination of the cord has received the name of 
the caticla equina, and at this part of the canal the 
investing membranes are stronger than at the upper 
portion of the structure. 



THE NEEVES. 

The nerves are bands or cords arising in the brain 
and spinal cord, and distributed to various parts of the 
system. Those which arise within the cranium from 
the brain or medulla oblongata are termed cranial 
nerves, and those which pass from the spinal cord 
are called spinal nerves. 

The cranial nerves consist of eighteen nerves, ar- 
ranged in nine pairs, a similar nerve arising on either 
side of the brain ; they may be classed as follows : 

■I r\^r^ a j* a -i. i j f to the linincT mem- 

1. Olfactory nerves, distnbuted \ ^^^^ ^^ ^^^ ^^^ 
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3. Motores oculorum „ 

4. Trochleares „ 

5. Trifacial „ 

6. Abducentes 



to the muscles of the 
eyci 



2. Optic nerves „ to the eyeball. 
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{to the muscles of the 
eye. 

r to 
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the face and 
tongue. 
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I eye. 



the muscles of the 




/ ^ / Portio dura „ to the face. 

( [ Portio mollis „ lo lY^a ^w. 
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r [-Glo^o . pharyngeal. ,^^,t{ *°tl^^t.*""«"^ -"^ 

Vaeus / *° *^® ^""^^ larynx, 

^ ** l 8^id stomach. 



8.-^ 



G«:««i o»»»««/v.„ / to the muscles of the 

Spinal accessory „ | „eck and back. 



9. Hypoglossal „ | ^ 



the muscles of the 
tongue. 



Though the cranial nerves have special names, yet 
they are frequently mentioned according to the position 
in which they stand respecting the others ; thus, the 
olfactory nerves are termed the first pair, because they 
arise farthest forward in the brain, and so on for the 
remainder. 

The cranial nerves may be again divided into those 
that are either motor, sensory, or compound ; thus, 
the first and second nerves are nerves of sensation ; the 
third, fourth, sixth, and ninth, purely nerves of motion ; 
and the fifth, seventh, and eighth are endowed with 
the combined functions of motion and sensation. 

The^r*^, or olfactory nerves, are distributed to the 
membrane lining the nasal organ, endowing it with 
the sense of smell. 

The second, or optic nerves, are two round, white 
cords, arising from a common commissure, and entering 
the posterior part of the eyeballs, where an expansion 
of the internal gray matter forms the retina or nerve 
on which the visu^ impressions are received. 

The third, fottrth, and 8ia:th nerves are distributed 
to the muscles of the eyeball, giving the power of 
directing the organ towards any point above, below, 
or laterally. 

The ^fth is a complex nerve, endowed with a com- 
pound function, and divided into three chief trunks, 
called the superior and inferior maxillary and oph- 
thalmic nerves. The inferior maxillary gives off a. 
branch called the gustatory, 'w\i\^ V% ^caXx^^a^fc^^^'^fc 
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the tongue, giving it the sense of taste', but the 
ramifications of the other two branches are distributed 
to the skin of the face. 

The seventh nerve is also divided, but only into two 
parts, the facial and auditory ; the former supplies the 
;Enuscles of the face, and the latter is distributed to 
the interior of the ear. 

The eighth nerve arises from the medulla oblongata, 
and consists of three portions, the glosso-pharyngeal, 
the vagus, and spinal accessory, the last so called 
because it arises lower down from the cord, and only 
partly joins the rest of the nerve. The most import- 
ant part of the eighth nerve is the vagus, or pneumo- 
gasteic, which, passing down the neck behind the 
great blood-vessels, runs to the back of the lungs, and 
continuing downwards through the thoracic cavity, 
perforating the diaphragm, is finally distributed to 
the stomach. In the course of the nerve numerous 
branches are given off, the principal being those to the 
larynx, heart, oesophagus, and lungs. 

The ninth nerve also arises from the medulla, and is 
distributed chiefly to the muscles of the tongue, sending 
off communicating branches to the gustatory and vagus. 

All the above-mentioned nerves issue from the inte- 
rior of the skull, through holes or foramina in the bones. 

The spinal nerves are arranged in thirty- one pairs, 
a similar nerve arising on either side from the lateral 
columns of the spinal cord by two roots, an anterior 
and a posterior, the latter being the larger, and having 
a ganglion situated on it. Between the roots passes 
a process of the pia mater of the cord, called the Zt^a- 
menttim dentatttm, before mentioned. The two roots, 
after being separated for a short distance,meet and form 
a spinal nerve, which issues from the spinal canal 
through a notch between two adjacent vertebr®. The 
anterior is termed the motor root and the posterior 
the sensory, the reason of which will be noticed in 
describing the functions of the nervous system. 
After leaving the canal the uenea divide into 
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branches, and in certain regions fonn plexuses by 
their union with other branches and from these fresh 
nerves are given off. As they approach their desti- 
nation the trunks break up into numerous smaller 
branches, which are distributed to the various organs, 
as the muscles, skin, &c. 

The spinal nerves are arranged in pairs, according 
to the situation of their origin ; thus, there are — • 

8 pairs of cervical nerves. 
12 „ dorsal „ 

5 „ lumbar „ 

6 „ sacral „ 

Structure of the Cerebrospinal Axis and Nerves, 

On examining the brain by making sections of its 
structure, it is found to be made up of an external 
gray and an internal white matter ; the former being 
apparently homogeneous, the latter having a somewhat 
fibrous appearance. 

When examined closely, the gray stibstanee is found 
to consist of a finely granular matter, traversed by 
capillary vessels in all directions, and studded with 
numerous nucleated cells of irregular shape, many 
with processes jutting ofi", giving them a stellate or 
caudate form, in the interior of these cells is granu- 
lar matter and pigment or colouring material, which 
produces the gray tint of the whole mass. 

The white or internal substance consists of tubes, 

about the jAx^th to the TU.iji'u^^ ^^ *^ ^^^ ^^ ^^' 
meter. If these white fibres are careftilly examined 
under the microscope their structure will be found 
to be somewhat complex ; they are perfect cylinders, 
invested and supported by a delicate membrane, the 
contained nervous substance being composed of two 
difierent materials ; externally is a tube of white, and 
internally a column or axis of gray matter. 

Though the white or tubular brain substance is 
more firm and consistent than the gray, still, it is soft 
and yielding, on account of the laig;^ ^TSiQk^£C^ ^1 ^^<es^ 



183 ANIMAL PHraiOLOGT. 

that enters into its compoeition. The compantiva 
chemical analjsis is aa foUowa : 

Wliitc luhtUuce, Qrwr. 

Water 73 85 

Albumen 10 S 

Pattj matter 14 B 

£lartby phosphates, oamazome, ^. 3 2 



100 



100 



In the spinal cord the arraugeraent of white and 
gray matter is rCTereed, the white being external and 
the gray internal ; but the fibres and cells present in 
the cord resemble those in the brain, except that 
the white fibres of the cord are rather larger in dia- 
meter, and rim longitudinally with respect to its 
axis, that is, they pass upwards towards the brain. 

The neroet are, in like manner, made up of fibres of 
gray and white matter, the internal gray substance 
being called the axis cylinder, and the external white 
matter being termed the " white matter of Schwana." 




Covering the exterior of the nerrous fibres is a delicate 
membrane or neurilemma, analogous to the sarco- 
lemma, enclosing the ultimate fibres of muscular 
structure. The termi- 
nation of the nerves is 
varied, and will be de- 
scribed hereafter. 

The spinal nerves join 
the cord by two roots, an 
anterior and posterior, 
the former entering the 
anterior part, and the 
letter joining the poateiior portion, of the cord. 
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The white fibres of the nerres entering the cord 
are continued upwards and loet in its Bubatance ; pro- 




bably they paaa up to the white intemal portion o 
brain. The gray matter of the nerves pasBee from 
th» interior of the nerves and joins that of the cord, 
which, though made up of cells, coutaio^ ^cvj 's^\^««> 
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also, and from a close examination it appears that 
some of the fibres coming from the roots of the nerves 
traverse the commissure of the cord and blend with 
the gray matter in the opposite column, this crossing 
and blending of fibres being termed " a decussation." 

The ultimate termination, however, of the fibres 
entering the cord is very doubtful, and in all proba- 
bility some of them run up to the brain, whilst others 
end in the structure of the cord itself. 

The medulla oblongata, or upper part of the spinal 
cord, presents on section a decussation and crossing 
of the fibres, which ar^ prolonged on into the cerebral 
lobes at the base of the brain. Thus it appears that 
either side of the cord is in communication by its 
fibres with the opposite side of the brain ; that is, the 
fibres from the right column of the cord go to the left 
lobes of the brain, and vice versd, so that the fibres 
of a nerve entering the lower part of the spinal cord, 
and running up its substance to the brain, woidd be 
in communication with the opposite side of the 
cerebral organ to that on which the nerve originally 
entered the cord. 

In many diseases and injuries to the brain paralysis 
of the muscles of the body takes place on the side op- 
posite to that on which the brain is affected. 

The anterior part, or rather the upper extremity, 
of the medulla oblongata joins the pons Varolii or 
great commissure of the cerebellum, and through 
this body the anterior fibres from the medulla ob- 
longata are continued on to the lobes of the cerebrum. 
These fibres, as they enter the cerebral lobes, take 
the name of crura cerebri, each of the crura being 
divided into two tracts, conveying motor and sensory 
fibres respectively. The fibres from the posterior 
tracts of the medulla are chiefly connected with the 
cerebellum. 

Some difficulty will be found in understanding the 
course of the fibres from the medulla to the lobes of 
the cerebrum and cerebellum, but the following de- 
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scription may serve to give some insight into the 
general arrangement. 

It will be remembered that the cerebrum is re- 
markable for the arrangement of its vesicular or gray 
matter, which is placed on the external sunace, 
covering in the white fibres. On either side, at the 
base of the cerebral hemispheres, are two large gan- 
glionic masses, called the thalami optici and corpora 
striata. They contain a large amount of gray matter, 
and may be considered not only as appendages to 
the cerebrum, but also as independent ganglionic 
centres. Now, as already noticed, a sensory and 
motor tract may be distinguished in the medulla 
oblongata and crura cerebri ; the sensory tract may 
be traced upwards till it is lost in the structure of 
the thalami optici, and the motor fibres may be 
traced to the corpora striata. Moreover, the optic 
and auditory nerves have a distinct connection with 
the thalami optici, and they may, therefore, be regarded 
as the focus of sensory nerves, and the corpora 
striata as the principal motor centre. Between the 
thalami optici runs a commissure, called the anterior 
commisstire ; and between the corpus striatum, on 
either side, there is also a commissure. Thus, the 
ganglionic masses are connected with each other; 
that is, the two optic thalami are united, and also the 
two striated bodies. Besides their connection with 
the fibres of the medulla oblongata running to them 
through the crura cerebri, they are also in commu- 
nication with the external gray matter on the surface 
of the brain, by means of fibres which extend out- 
wards in all directions. Thus, these ganglionic centres 
are connected, not only with the spinal cord, but also 
with the external gray convolutions of the cerebral 
mass. 
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Termination of the Nerves, 

The nerves distributed to the different textures of 
the body, after dividing into minute branches, termi- 
nate either by forming loops or by free extremities. 

The termination in loops is most common. In 
muscular structure, in papillae, and in the skin, this 
mode of ending is observed, but in some situations 
the termination by free extremities may be seen. On 
the nerve-fibres passing through the fat to the skin 
of the hand and foot, and also on the nerves of the 
solar plexus in the abdomen, small oval corpuscles 
have been found, about y^th of an inch in length and 
half that in breadth. On examining any one of these 
Pacinian corpuscles, as they are called, it exhibits the 
terminal fibres of the nerve, surrounded by several 
delicate layers of fibrous membrane, arranged like 
the coats of an onion. In the central cavity of the 
corpuscle and between the fibrous layers is an albu- 
minous fluid ; and floating in the internal cavity is 
the end of the nerve-fibre, terminating in one or 
more branches by a sort of bulb on each terminal 
branch. As the nerve enters the corpuscle, the neuri- 
lemma and then the white matter ceases, the in- 
ternal gray structure alone being continued on. 

The function of the Pacinian corpuscles is quite 
unknown, and no very probable theory has yet ap- 
peared respecting their use or action. 

There still remains another mode of termination 
of nerve-fibres, namely, by free extremities ; this 
method is alone observed in the fungiform papill» of 
the tongue, where the white matter seems to cease, 
whilst the gray substance of the nerve-fibres is con- 
tinued up to the summit of the papillae. 

Of the Action and Mmction of the Nervous System, 

The brain and spinal cord are the organs in whicl> 
the nerve force is generated ; the former may be con- 
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sidered as one large ganglion, the latter may be re- 
garded as several ganglia, corresponding in number 
with the vertebrae, so that each portion of the cord 
opposite or enclosed in any one vertebra may be 
considered as a separate ganglionic centre to the pair 
of nerves springing from that spot. 

The vesicular or cell-structure in the gray matter 
is that in which the nerve force is generated, and the 
gray matter is that portion of the nervous substance 
by which this force is conducted along the nerve- 
fibres, the white matter being, probably, an insulating 
substance, sheathing the gray m its course, and pre- 
venting any difiusion of the nervous current. Con- 
siderable difference of opinion exists respecting the 
conducting and insulating power of the white and 
gray matter. Some physiologists deny the insulating 
power of the white matter, and look upon the gray 
and white substances as afferent and efferent fibres. 
Moreover, some deny the presence of a distinct gray 
axis cylinder in the nerves, asserting that during life 
the whole nerve substance in the sheath of neurilemma 
is homogeneous, and that the cooling of the fibres, or 
some post-mortem change, gives the appearance of a 
central axis of gray matter. Others consider that the 
nerve-fibres are hollow tubes, and that during life a 
central cavity exists ; but that as soon as death takes 
place the nerve-fibres, as it were, collapse, and thus 
form a flattened band. But though these opinions are 
maintained, there can be but little doubt that a central 
axis of gray matter does exist ; whether existing during 
life as a hollow tube enclosed in another tube of white 
matter, or whether as a central axis surrounded by a 
tube of white matter, is of little importance. The 
function of the gray matter seems to be connected 
with the generation and transmission of nerve force, 
and the white with the power of insulation; for 
though some nerves, especially those of the skin and 
muscles, end in loops, so that nowhere does the gray 
matter come into actual contact with the mvi^^V^ ^^ 
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skin, yet these loops may not be the absolute termi- 
nation of the nerve-fibres; or the nerve force may 
possibly act through the white matter at that par- 
ticular part. In some n.erves that end in free extremi- 
ties, however, the white matter is laid aside, and the 
gray alone continued on at their termination, as seen 
in some of the nerves distributed to the papillae of the 
tongue, and thus the gray matter would in this case 
be in absolute contact with the structure to which 
the nerves were distributed. If, then, it is true that 
the white matter acts as an insulating covering to the 
gray, the structure and function of a nerve would not 
be unlike that of a telegraph wire, the two difierent 
nerve materials being represented by the copper and 
gutta percha. The function of the roots of the spinal 
nerves, however, is more certain. Sir C. BeU found 
that when the anterior root of a nerve was divided 
the part supplied by that nerve lost all power of 
motion, and when the posterior root was severed, the 
sensibility of the part was destroyed, though the 
motive power remained intact. Thus we may regard 
the anterior root as the motor and the posterior as 
the sensory part of the spinal nerves where they join 
the spinal cord. 

Generation of Nerve JBbrce. 

The production of nerve force requires a free supply 
of pure oxygenated blood; and the ill efiect of defi- 
cient circulation, or the flow of impure blood through 
the brain, is speedily manifest by the loss of sensation 
and motion. Anything, therefore, that retards or 
arrests the supply of blood to the capillaries of the 
brain retards or destroys nervous action. Cold pro- 
duces its benumbing effect on the nervous system 
from this cause. 

During the generation of nerve force some reaction 
takes place between the elements of nerve-tissue and 
certain materials in the blood, the principal being, in 
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all probability, the oxygen contained in that fluid. 
The very production oi nervous power by the action 
of this gas on the nervous structure disintegrates the 
tissue, a result which is clearly shown by the large 
amount of phosphates in the urine after any unusual 
mental exertion or excitement ; for as no other soft 
tissue, except that of the brain, contains much phos- 
phatic substance, the waste of the nervous structure 
must be that to which the presence of the phosphatic 
salts in the urine is due. 

Whatever the nerve force or fluid may be, it re- 
sembles, if it is not identical with, the electric fluid, 
obeying laws similar to those which govern the action 
of that fluid, and exhibiting phenomena analogous to 
those produced by electrical action. Nay, more ; an 
electric current passing along an eflorent nerve 
will excite muscular contractions in the part sup- 
plied by that nerve, and an electric current passing 
along only a short portion of a nerve will excite or 
generate nerve force in the remaining portion, and 
the exertion of nerve force in the electric fish generates 
electricity. 

Thus it would appear that if the nerve force is 
not identical with the electric, it bears much the 
same relation to it that magnetism does to elec- 
tricity, for in like manner electrical action can pro- 
duce magnetic, and magnetic power can produce 
electrical action. 

From experiments made on animals recently killed, 
it has been found that electricity excites muscular 
action ; but after the current has been passed along 
the nerve for some time, the effect ceases. Besides 
this influence, that of heat, light, and chemical action, 
produce or excite nerve force. 

Reflex action, — One of the principal functions with 
which the spinal cord is connected is that of reflex action. 
The spinal nerves, as before stated, arise by two roots, 
the posterior being provided with a ganglion. If the. 
anterior root is divided, motioii \a \o^^ \.o *Owb ^«sN» 
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supplied by the nerve ; and if the posterior root is cut, 
sensation ceases. The anterior, therefore, is termed 
the " motor" root, and the posterior the " sensory.'* 
When the extremity of a nerve is acted on or influ- 
enced by some external impression, the afferent por- 
tion of the nerve conveys the impression to the brain, 
and the efferent part refers it to the spot where the 
impression was received, or sets in motion the muscles 
to which the nerve is distributed. Thus it may be 
inferred that the impression on the terminal portion 
of the nerve produces a certain change in, or effect 
on, the nerve substance, which, being transmitted to 
the brain or cord, generates there a certain force, 
which, in its turn, acts on the efferent fibres of the 
nerves, and produces a result termed the reflex action. 
"What the exact nature of the changes is, which take 
place in this action, is as yet unknown. The whole 
process may go on without the intervention of the 
mind and independent of the control of the will, the 
entire action being automatic, as is the case in con- 
vulsions and spasmodic diseases generally. The best 
example of continued excito-motor or reflex action 
is that which gives rise to the respiratory action, and 
has been mentioned in the description of the respira- 
tory function. 

The functions of the Gerehellum. — It is evident, from 
the extent of gray substance in the cerebellum, that 
it must be connected with very important functions. 
Through the great commissure of this organ, the 
pons Varolii, pass the motor and sensory fibres from 
the spinal cord, en route to the thalami optici and 
corpora striata ; and as these fibres traverse the pons 
they send off some filaments which connect wiem 
with the cerebellum. 

It has been found that if the cerebellum of one 

of the lower animals is gradually sliced away, or even 

altogether removed, very slight disturbance of the 

actions directly necessary to life takes place, but the 

power of walking, flying,\eapmg, ox e>ieii of i^reaerving 
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a balance, is entirely lost ; now, as these varied actions 
require a combined action of several muscles under 
the direct control of the will, the cerebellum may 
be considered to combine muscular movements 
which are not of a simple reflex character. When 
only one side of the organ is removed from an animal, 
it exhibits a tendency to turn round on an axis, and 
in cases of disease of the human cerebellum an un- 
steady gait is often observed. In all probability, 
therefore, the cerebellum is a regulator and co-ordi- 
nator of muscular action ; besides which, it is also 
stated to have some relation to the generative func- 
tions. 

The functions of the Cerebrum. — The cerebrum is 
doubtless the seat of sensation, volition, and the 
intellectual faculties or mind, and through its instru- 
mentality the process of thought and exercise of the 
will is carried on. 

The external vesicular matter is called into activity 
by impressions conveyed to it by the fibres extending 
between it and the ganglia at the base of the brain, 
the thalami optici, and corpora striata ; but the action 
excited by this transmission of external impressions, 
is regulated and directed by that power of the mind 
termed the will. The action of the cerebrum, there- 
fore, is governed by this influence, for, without such 
intervention, its functions would be merely reflex. 
The power of the cerebrum, however, depends en- 
tirely on the intermediation of the spinal axis, for no 
motor fibres issue directly from the cerebrum itself, 
and if its connection with the medulla oblongata is 
cut off all motor action ceases. 

A free supply of blood is necessary for the continu- 
ance of cerebral action, defective nutrition impairing 
the functions of the brain, which may be deranged in 
a great degree without any lesion of cerebral substance. 

The ganglionic masses, the thalami optici, and 
corpora striata, may be regarded as the tTx^^a ^^waw^^MssL, 
for in the lower animals tlaey ax^ ii^c^eo^^ *la>Qs^ 
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greatly developed, whilst the cerebral hemispheres are 
comparatively small. 

Numerous experiments have been made to deter- 
mine the exact nature of the functions performed by 
the thalami optici and corpora striata, but no very 
definite results have been arrived at, partly on account 
of the difficulty experienced in making any experi- 
mental investigation, as it is almost impossible to 
isolate these ganglia. 

The power of voluntary motion seems to depend on 
the presence of the thalami optici, for when these 
have been removed from the brain of an animal, the 
power of movement is lost. On the other hand, the 
corpora striata seem to govern the function of sen- . 
sation, for when these ganglia are removed from an 
animal, it falls into a profound state of coma. 

"With regard to the crura cerebri, it is found that if 
they are completely divided, total loss of sensation 
and motion is the result. The will, therefore, may be 
exercised without any effect being produced, if the 
crura are divided. This is seen in cases of paralysis, 
where the desire to move is present, but the power is 
wanting. 

Briefly, then, the spinal cord may be regarded as 
the centre of reflex action ; the cerebellum as the 
organ which combines or co-ordinates muscular 
movements; and the cerebrum as the seat of the 
intellect, will, emotions, and sensations, directing and 
regulating the action of the cord and cerebellum. 



The Sympathetic System, 

The sympathetic system consists of numerous 
ganglia, with nerves attached, situated in various parts 
of the body, and connected by nervous filaments with 
the nerves of the cerebro-spinal system. 

The sympathetic system may be regarded as capable 
o/ arrangement under tlie fo\lo^m^ teada ; — First. A 
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chain of ganglia situated on either side of the spinal 
column, connected with each other and with the 
spinal nerves. Second. Three large plexuses dis- 
tributed to the heart and abdominal viscera, termed 
the cardiac, hypogastric, and solar. 

The structure of sympathetic ganglia is similar to 
that of the vesicular gray matter already described, 
and the nerves from these centres are chiefly dis- 
tributed to the viscera. The functions of the system 
relate to the organic or vegetative part of the 
economy ; and as the cerebro-spinal system and sym- 
pathetic are connected by branches of nerves, the two 
systems react on each other, but the sympathetic is 
in no way under the control of the will, though the 
emotions influence its action. 



The Nervous System in the Lower Animals, 

Many of the lowest forms of animals present no 
trace of a nervous system ; amongst the various JPro- 
tozoa, and the Hydrozoa, and Actinozoa, no nervous 
centres or even nerve-fibres can be distinguished 
throughout the body, nor is it till we arrive at the 
Echinodermata that the existence of a nervous system 
is manifest ; here a ring of nerve-fibres is found to 
surround the mouth, and in the star-fish three nerve- 
filaments are distributed to each ray. 

In the Molluscoris classes numerous separate gan- 
glionic masses are distributed throughout the body, 
giving off cords of nerve matter to various parts of the 
system. One ganglion is found for each important 
organ, but three principal masses are usually present, 
namely, two ganglia on the sides of the oesophagus, 
giving off" two cords to the mouth and appendages ; 
next, a single ganglion situated beneath the oesopha- 
gus, supplying a nerve to the feet or foot ; and, lastly, 
a single ganglion situated at the posterior part of the 
body. These ganglia receive respectively tha T^^bxsK^i 
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cephalic, pedal, and parieto-splanclinic, the whole of 
them being sensory centres. 

In the Articulata the plan on which the nervous 
system is developed is very uniform. It consists 
usually of a double cord running down the ventral 
surface of the body, studded with ganglia at intervals, 
a pair of ganglia corresponding to each segment. Near 
the head, the two filaments of the cord diverge and 
embrace the oesophagus, above which a pair of ganglia 
(sometimes only one) are situated ; into these supra- 
oesophageal ganglia the nerve-filaments run, connect- 
ing them with the rest of the nervous chain ; moreover, 
the nerves from the eyes join the same ganglia. 
Though almost all articulate animals possess this 
arrangement of a double gangliated cord, we find in 
the lower forms of worms two simple cords, without 
any ganglionic masses present. 

"When the various segments of the animal are very 
similar, the size and appearance of the different 
ganglia is also found to be much alike, but in all 
cases the supra-oesophageal ganglion may be regarded 
as the rudimentary Drain. 

Insects. — In the nervous system of these creatures 
a tendency is shown towards the development of 
larger and more numerous ganglionic masses in or 
near the head. The same arrangement of a gangliated 
cord still pertains, and the principal ganglia may be 
considered as so many motor centres. 

Vertehrata, — A great advance in the complexity of 
arrangement and structure of the nervous system is 
exhibited in all vertebrate animals as compared with 
invertebrate. 

In the sub-kingdom now under consideration, a 
brain and spinal cord are always present, the former 
being divided into a cerebrum and cerebellum, the 
latter into the medulla oblongata and proper spinal 
cord. In the higher Vertebrata, the lobes of the 
cerebrum are larger than those of the cerebellum, 
and the afferent and efferent nerves are bound up in 
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one cord, which joins the spinal marrow by two roots, 
as in the human subject. 

FUhet.—The brain of fishes is composed of several 
distinct ganglionic masses, arranged in a line with the 
spinal cord. Neit to the cord, posteriorly, is a single 
ganglion, which represents 
the cerebellum, and is Tery 
large in proportion to the 
rest of the nerrous centres. 
Further forward are two 
lobea, or ganglia, arranged as 
a pair. They are frequently ' 
of large size, and communi- ^ 
cate directly with the optic ^ 
nerves, and may, therefore, - 
be termed the optic ganglion. 
Proceeding atill more forward, 
we find another pair of gan- 
glia, which are comparatively 
small; they are the repre- 
aentotives of the cerebrum of 
the higher Vertebrata, but no 
convolutions mark their sur- 
face, and there are no ventri- 
cles in their interior, except BrainofaFiih 
in the brains of raya and joifncioTy pmgiiai b. cerebrum i 
sharks. Just in front of =.'w'f k"?*™; f.,"«''«i'»°.i'" 

,1 . 1 1 1 T spiaol cord WODX beUtw it. 

theae two cerebral lobea are 

two small ganglia, connected with the ol&ctory 
nerves, and termed, on that account, the olfactory 
gaiiglia. Besides these, in some fishes auditory gan- 
glia alao exist. 

The diameter of the gpinal cord of fishes does not 
difier much from that of the brain, and the bulk of 
the former for exceeds that of the latter organ. The 
cord varies in difi'erent fish, according to the shape of 
their bodies ; but, aa a general rule, there is a great 
resemblance to the spina! cord in man. Thus, in a fish 
we find the cord divided into two lateral <icil'HKQ»\i'i 
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very deep, longitudiniil furrows, and also the spinal 
nerves arising by two roots, the posterior being pro- 
vided with a ganglionic enlargement. 

Though the above sketch may serve to give a general 
idea of the arrangement of the nervous centres in most 
fish, a very great variety of form and disposition of 
parts occurs in the various species of the several 
orders. Thus, we may sometimes find the different 

lobes transformed, or even entirely 
wanting ; but the small size of the 
cerebral lobes, as regards the rest 
of the brain, is a constant feature 
in its arrangement. 

Heptiles. — No very great advance 
in complexity of structure or forma- 
tion occurs in the brain of reptiles^ 
as compared with that of fishes; 
but the decreased size of the cere- 
bellum and the increase of the cere- 
bral hemispheres is most remarkable. 
This is clearly observed in the braiii 
of the frog, where scarcely any 
cerebellum is found to exist. 

The brain of the turtle may be 
taken as a type for that of reptiles 
generally. The linear arrangement 
of the ganglionic masses still con- 
tinues, but at the base of the cere- 

_ bral lobes the corpora striata and 

A, olfactory ^gua; b, tjialami optici can be readily dis- 
cerebrum; c, optic gan- tinguished; the interior 01 the 

glia; D, cerebellum. ^^ i. 1 1. • i_ , ^ 

cerebral hemispheres, moreover, pre- 
sents a cavity. 

Birds, — Throughout all this varied class the ar- 
rangement of the nervous system is very uniform. 
The ganglia cease to be placed in a line with the 
spinal cord, and assume a position one above the 
other. There is a considerable increase in the size of 
the cerehral lobes, which cover all the different sen- 




Brain of a Keptile. 
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sory ganglia, Bometimes even overlapping the cere- 
bellum. As a rule, the cerebral lobes will be found 
to be smooth on their external surface, but in a few 
birds a slight marking or convolution can be observed. 
No large internal cavity exists, as mentioned respect- 
ing reptiles, but the relative size of the corpora 
striata and thalami optici is remarkable, the former 
being very large and the latter very small. Nor is 
this so surprising when it is remembered that the 
corpora striata are connected with the motor functions. 

The cerebellum is particularly large, which may be 
accounted for by considering the function attributed 
to that organ, namely, that of combining muscular 
movements, as in no class of animals is this power 
more required. The structure of the cerebellum is 
laminated, ten or fifteen separate plates composing 
its mass. 

The spinal cord in birds presents a largely developed 
medulla oblongata, the diameter being at least twice 
as great as that of the rest of the cord. 

Mammals. — Though in the lower order of Mam- 
malia there is very little advance presented in the 
formation of the brain over that of birds, still, in the 
higher types great differences are exhibited. 

In mammals generally, there is a greater develop- 
ment of the posterior part of the cerebral lobes, and 
a division of the cerebellum into two lateral portions 
is noticed. The cerebral lobes, indeed, when viewed 
from above, cover almost entirely the other nervous 
masses, but it is only in Bimana and Quadrumana 
that they completely overlap the cerebellum pos- 
teriorly. A provision also now first presents itself 
for increasing the extent of surface of the cerebrum 
without enlarging the size of the organ. The external 
surface of the brain of mammals presents numerous 
folds or convolutions of the gray substance, which are 
more marked and distinct in the higher than the lower 
orders of the class. 

In the brains of fishes, reptiles, andl^iida^^i^ ^'e^ 
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commissure, or only one of a very rudimentary cha- 
racter, exists ; but in the cerebral organ of mammals a 
communication between the cerebral lobes on either 
side is almost invariably present. In the Marsupialia, 
however, the structure of the brain is very simple. 
Like that of birds, scarcely any traces of convolutions 
are visible, and the great connective commissure — the 
corpus callosum — is entirely wanting. 

With regard to the spinal cord and medulla ob- 
longata, there is no very marked difference in struc- 
ture in mammals generally to that of the human 
subject. 

The Influence of {he Nervous System on the Orga/ns and 

Functions of the Body, 

The influence of the nervous system on the various 
organs and functions of the body has been incidentally 
touched upon, but will now require more special notice. 

The nervous system manifestly influences the pro- 
duction of animal heat, the amount of the secretions, 
and the rapidity of nutrition. 

With regard to the influence exerted on animal 
heat, it is observed that when nerves are divided the 
temperature of the part supplied by those nerves falls 
some degrees ; but occasionally it happens that when 
a nerve is injured, without actual separation of its 
trunk, the opposite effect may result. It has also 
been demonstrated that if the trunk of the sympa- 
thetic ganglia in the neck is cut, the temperature of 
that side of the head is greatly increased. I have 
myself noticed a rise of from four to six degrees after 
the experiment was performed. The amount and 
quality of secretions, especially the urinary and sa- 
livary, are particularly influenced by the nervous 
system, and more especially by its emotional action. 
The increased flow of tears in grief or joy is another 
instance of the power of the nervous force. Though 
it is not so easy to trace the influence of the nervous 
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power in modifying nutrition, yet it is well known 
that it exerts a marked influence on the process. 

There is still to be noticed the influence of the 
nervous on the vascular system which is manifest in 
the common act of blushing or the quick throbbings 
of the heart from the emotions of fear or pleasure. 
In all probability this is due to the action of the 
cerebro-spinal system, through the intervention of 
the sympathetic nerves, as this latter system cannot, 
by its own independent action, produce any such 
result. 

Sleep is a state in which the functions of the cere- 
brum are, for a time, suspended, so far as they relate 
to the reception of external impressions ; and the more 
profound the sleep is, the less will it be disturbed by 
dreams, which are, without doubt, evidence of incom- 
plete suspension of the brain's activity. 

There is, most certainly, too, an absolute demand 
for the rest of the cerebral organ after it has been 
some hours in activity, a demand which has to be 
complied with periodically, or which will, if not satis- 
fied, become so urgent that it will force the suspension 
of the mental functions even under the most adverse 
circumstances. Thus, it has happened during a naval 
engagement that men who were greatly exhausted 
slept near the guns that continued to keep up a heavy 
fire. 

When it is remembered that every manifestation 
of cerebral activity is attended with waste of the 
nervous tissue, it will be readily seen that time for 
repair of the tissue is absolutely necessary ; and that 
this repair cannot go on unless there is a cessation 
of mental exertion, is also clear. 

It is not necessary to enter into the many peculi- 
arities of sleep, its occasional profound or light cha- 
racter, the suddenness with which it sometimes comes 
on, or the loud noises that habit will accustom us to 
bear without disturbing sleep ; still, the capability of 
being roused with greater or less facility la tli<& <^- 



156 AITIMAL PHYSIOLOGY. 

tingmshing mark between sleep and coma, where the 
insensibility is persistent. The length of time re- 
quired for sleep varies in health and disease, in differ- 
ent persons, and under different circumstances. Habit 
exerts a great control over the amount of duration, 
though, as a rule, plethoric persons require long sleep, 
and very aged people, also, require more lengthened 
repose than younger subjects. 



ANIMAL HEAT. 



Chemical action is frequently attended by the 
evolution of heat, and the existence of heat itself 
favours chemical action. Thus, the union of oxygen 
with carbon and hydrogen of the tissues, forming car- 
bonic acid and water, produces a certain amount of 
animal heat. The respiratory process, which causes 
the introduction of oxygen into the blood, is, there- 
fore, nearly connected with the maintenance of the 
temperature of the body ; thus, during sleep, when 
the respiration is slower, the heat of the body is 
diminished. The oxygen absorbed into the blood 
meets with hydrogen and carbon, not only as the 
products of decay of various tissues, but also as free 
elements introduced in the circulation by the chyle ; 
and as more material is supplied to the blood than is 
needed for the repair of the tissues, it is probable that 
the chemical combustion of the superfluous elements 
assists in giving rise to the evolution of the animal heat. 

Eatty matter, which is one of the principal hydro- 
carbons in the body, is, therefore, a vast source stored 
up for chemical combustion. As heat can be gene- 
rated wherever blood is carried, by the action of the 
oxygen on the hydro-carbons in the fluid, the tem- 
perature will be tolerably uniform, and the rapidity 
of the circulation will almost entirely equalise it. 
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The nervous system influences the production of 
heat to a very considerable extent ; paralysis or divi- 
sion of nerves supplying certain parts causes a fall of 
the temperature, a result which also arises from any 
depressing mental emotion. The flush and heat 
caused by excited passions, or the rise of temperature 
in certain diseases and after violent exercise, is chiefly 
due to an increase of the circulation. On an average, 
the temperature of the human body is about 98° to 
103° Fahr., and the extremes of external heat or cold 
produce only a rise or fall of two or three degrees. 



HEAT, LIQHT, AND ELECTEICITY, 
EVOLVED BY ANIMALS. 

The evolution of heat by animals has already been 
treated of, under the head of animal heat; but 
though it is, as therein stated, evolved by warm- 
blooded animals only, to any considerable degree, yet, 
to a less extent, it is probably given off by all living 
beings, as the result of chemical action in their 
tissues. 

The evolution of light and electricity is more rare 
than that of heat. 

The evolution of Tight is not confined to the animal 
kingdom, but is exhibited during the growth of some 
vegetables; thus, certain plants, principally fungi, 
during the process of their growth, especially if they 
happen to be in a damp and moist situation, give rise 
to the evolution of light, and a luminous appearance 
often takes place in decaying vegetable and animal 
matter, but the light given out is of a character 
somewhat different to that evolved during the growth 
of plants. 

In all probability this evolution of light depends 
on the chemical union of oxygen and catboia.. 
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The phenomenon of luminotis animals is most 
commonly exhibited in what is termed the "phos- 
phorescence of the sea," due to the presence of 
minute creatures, called the Noctiluca miliaris. These 
Infusoria appear to the eye to be small, globular 
masses of gelatinous substance, with a tail-like ap- 
pendage. Examined under a magnifying power, one 
of these creatures appears to consist of a cell full of 
granular matter, forming the body, any part of which 
has the power of evolving light, as the numerous 
bright points seen in the substance shift rapidly 
about the interior of the sac or cell-wall. When 
pressed the bodies of these animals emit light more 
brilliantly, and when the cell-wall is treated with 
acid, contraction ensues and a powerful evolution of 
light follows, which, however, rapidly ceases, evi- 
dently from the death of the animal. Dr. Pring has 
made many interesting experiments on the subject, 
but no definite conclusion as to the source of the 
luminous appearance has been arrived at. 

In the tropical regions the phophorescence of the 
sea frequently depends on the presence of certain 
AcalephsB, from whose skin a mucous exudation 
takes place, which has the power of giving a phos- 
phorescent lustre to any fluid with which it is mixed. 

Many MoUtiscous animals are endowed with this 
singular power of evolving light, the class Tunicata 
being specially remarkable for the character. 

Amongst the Articulata, some of the Annelida and 
Insecta present the same feature ; of the latter, one 
family alone possesses nearly 200 species of luminous 
animals. 

The glow-worm may be taken as an example. On 
the ventral surface of the bodies of these little 
animals are minute sacs, full of granular matter, 
through which the delicate tracheae or air-passages 
ramify in a close network. The luminous appearance 
here eridently depends on the access of air to these 
Baca, for when the supply is aWt oS ^^i'b esolMtlon of 
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light ceases. A supply of pure oxygen to these 
animals greatly increases their brilliancy, the light 
evolved depending on a rapid union of the oxygen 
with the tissues, generating carbonic acid. 

Vertebrata does not comprise any animals which 
have the power of evolving light unless, indeed, it is 
true that a certain kind of frog found in Surinam 
has the power of emitting light from its mouth. 

The Evolution of Electricity, — The laws of elec- 
tricity show that bodies may be divided into electrics 
and non-electrics ; the former being non-conductors, 
the latter conductors. Electrics, when excited, pro- 
duce electricity, but are incapable of conveying the 
fluid away. 

Friction and heat are the chief agents required for 
the development of electrical force, but it may be 
also abundantly induced by chemical action or a mag- 
netic current. But besides these causes of electrical 
excitement, the influence of the nervous system, or 
the nerve force, has, in certain animals, the power of 
generating electricity. 

From numerous experiments it has been proved 
that during the growth of plants a constant evolution 
of electric force takes place, and that even a fixed 
and determined polar condition has been observed in 
fruit. Thus, it is stated that the stalk end of a, peach 
is the negative pole, and the eye the positive, and that 
the reverse is the case with an apple or a pear. 
Nutrition, then, and a process of growth or molecular 
change, has a tendency to disturb electrical equili- 
brium, and this will apply equally to the nutrition or 
growth of animals or plants ; indeed, all parts of an 
animal's body are in difierent electrical conditions ; 
thus, a battery or pile can be made from a piece of 
newly severed muscle, and it may be proved that the 
external and internal parts of the structure are in 
different electric states in the following manner : — 
Suppose the leg of a frog to be cut off from its body^ 
and the great nerve of the leg, t\ie CT\a«X,\»c>\i^ ^^- 
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sected out and left hanging ; the nerve is then split 
in two and insulated, except at the free extremities 
or ends of the split part, the preparation being 
termed the ^^ galvanosccypic frog^ A deep incision 
must next be made in the piece of muscle which is 
destined to act as the battery, and into the very 
bottom of the wound one filament of the crural 
nerve of the frog's leg must be inserted ; at the same 
time the other filament must be so arranged that it 
is in contact with the external part of the muscle. 
Immediately this has been done, if the muscle has 
been recently severed from a living animal (especially 
if from a cold-blooded animal), the limb of the frog 
will be thrown into contraction, proving that there was 
a difference in the electrical condition of the inter- 
nal and external part of the muscle acting as the pile. 

Without detailing the effects of electrical agency 
on muscular and nervous tissue, or demonstrating 
the fact of a continuous electric current, flowing in 
certain directions in the bodies of animals, we pass 
on to the consideration of a class of animals which 
have the power of accumulating the electric fluid 
and discharging it at pleasure in a concentrated form, 
giving rise to a very perceptible and sometimes 
violent shock. 

The torpedo and Gymnotus electricus are animals 
commonly cited as examples ; but, besides these, the 
silurv^, a species of salmon, the trichicarus or Indian 
sword-fish, and some others, possess the power of 
generating electricity. 

The torpedo is shaped like a skate, and is a species 
of the Ray tribe ; it is found abundantly in the 
Mediterranean and Atlantic, being much employed 
as an article of food. The body of this nsh is 
smooth, and presents the appearance of nearly a 
circular disc, from which a narrow tail extends back- 
wards. In the torpedo the brain is provided with a 
large nervous mass, called the electric lobe or gan- 
glion, situated behind the eexebell\im) and connected 
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with the medulla obloogata From this electnc lobe 
arise several large nerrouB truBke which nm to the 
electrical organs ; these nerves seem to be analogous 
to the pneumogastric of other animals That the 
origin of the electrical force is m these lobes can 
scarcely be doubted ; for, if the nerves issuing from 
them are Hevered, or the lobea themBelvea destroved, 
the power of evolving the electnc fluid is totally lost. 
The development and manifestation of the electric 
power takes place, therefore through the agency of 
the so-called electrical organs the structure and 
arrangement of which may be next noticed 

The electrical 
organs are two 
in number, situ- 
ated on either 
side of the head ; 
they consist of & 
double layer of 
memhnme, which 
is arranged so aa 
to form a many 
partitionedcham- 
ber. These divi- 
sions break up 
the whole organ 
into a number of 
columnar- shaped 
spaces ; the ends 
01 each column 
being directed 
towards the two 
opposite surfaces 
of the body. 




greater parti- 

tioDB, others more 

delicate traverse the structure at right angles to the 

direction of the columns, dividing ew^ one lAVJocoiSa.W 



162 ANIMAL PHYSIOLOGY. 

a number of distinct cells. The partitions between the 
cells are thin, but they are richly supplied with blood- 
vessels and nerves; the terminal branches of the 
latter breaking up into minute plexuses, and spread- 
ing over the cell-walls. Pilling the interior of the 
cells, is a soft gelatinous matter, consisting of water, 
albumen, and common salt. 

Such being the structural character of the electrical 
organs, it may easily be supposed that the nervous 
agency acting on the contents of each of the cells 
disturbs the electrical equilibrium of the contained 
matter, portion of it becoming positive, and the re- 
mainder negative. Thus, the combined action of the 
cells in any one of the columns would convert that 
column into an electric pile, the two extremities of 
which would necessarily be in opposite electrical con- 
ditions, and the requirements for the production of 
an electric shock fulfilled. 

The Q^mnotus elecfrictis belongs to the eel tribe, 
inhabiting the waters of South America, and possess- 
ing greater power of generating the electric fluid 
than any other fish ; indeed, so strong are the shocks, 
that a single discharge is sufficient to kill a man. 

The electrical organs are arranged in four fasciculi 
along the back and tail; the structure resembling 
that of the electric organs of the torpedo. 

The purpose served by this provision for accu- 
mulating and discharging the electric fluid is vari- 
ously stated ; it may serve as a means of procuring 
prey, or as a weapon of offence or defence ; at the same 
time, it has been supposed to assist the respiratory 
function, by decomposing the water near the gills of 
the fish, and thus setting free a supply of oxygen. 
Whatever may be the correct explanation, it is 
certain that there is a limit to the power of produc- 
ing the electric fluid; for, if the fish are irritated, 
and induced to give frequent or repeated shocks, 
the power diminishes, and at length ceases; and is 
not renewed till the animal liaa recovered from the 



SENSATION. 163 

exhaustion produced by the over-stimulation of the 
nervous centres. In capturing electric fish, advan- 
tage is taken of the knowledge of this fact : horses or 
other animals being driven into the water, the fish 
exhaust their nervous power by continually dis- 
charging the electric fluid against the intruders, and 
may then be drawn to land with safety. 



SENSATION. 

Sensation may be defined to be the ^^percep- 
tion of impressions f^^ whether received externally, or 
originating in some internal cerebral action. Im- 
pressions may be received, transmitted to the nervous 
centres, and produce their reflex results, without 
any perception of the action, or, in other words, 
without producing sensation ; this has been already 
referred to in speaking of the function of the spinal 
cord and brain ; and with regard to the latter organ 
especially, actions which usually require the exercise 
of the will, and which are attended with sensory im- 
pressions, may occasionally become perfectly reflex 
or automatic, as is the case in walking during sleep. 
On the other hand, sensations may originate and 
become vividly recognised from the action of the 
cerebrum alone, without any external impression. 
In this way the mind originates an idea which pro- 
duces a sensation as real as though it was caused by 
external impression. No better example of this fact 
can be cited than that related by Professor Bennett, 
" A butcher hanging up a piece of meat slipped, and 
ran the hook into his arm, remaining suspended by 
it ; on being taken down, he was pale, almost pulse- 
less, and gave symptoms of great pain when his arm 
was moved, crying out repeatedly whilst his sleeve 
was cut open ; but, on being exposed, his arm was 
found to be entirely uniniured, fti^ "Wi^ Vi&jr>s^% 
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merely penetrated the sleeve of liis coat." Here tlie 
sensations produced were as real as though they had 
been induced by the external impressions which an 
actual wound would have occasioned. Thus, intensely 
excited mental action, or implicit belief that a certain 
train of circumstances will take place, is often followed 
not only by the sensations which external impres- 
sions would produce, but also by functional changes 
and reflex actions ; thus, it has happened that 
purging and vomiting have followed the swallowing 
of perfectly harmless and inert substances, where the 
person had previously been induced to believe firmly 
that the above results would take place. In this 
way we may account for many of the effects pro- 
duced by mesmerism, electro-biology, &c., or for the 
manner in which persons sometimes foretell the date 
of their death — a strong mental belief tending to 
bring about the actual result. 

Impressions, when not attended to, may not be felt 
or recognised by the mind, as is frei^nently the case 
when the attention is particularly directed to other 
objects. Habit, or a repetition of the same impres- 
sion, has a tendency (as a general rule) to deaden or 
blunt the sensations, but only where the impressions 
are not attended to from their .jfrequent repetition ; 
for, if the attention is strongly fixed on them, their 
recurrence strengthens rather than diminishes the 
sensations produced. In this way blind persons, by 
constantly directing their attention to the impres- 
sions made on senses of touch and hearing, in time 
have the acuteness of the sensations greatly increased. 

The capability of receiving impressions which pro- 
duce sensation varies greatly in different tissues ; as 
a rule, vascular structures are the most sensitive, a 
free supply of blood being necessary for nervous ac- 
tivily. The substance of the nervous centres is itself 
particularly insensible to impressions made by abso- 
lute contact with external matter; thus, the brain 
may be sliced away witkout -^^mxi. It appears that 
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the most sensitive structure (or rather the structure 
most capable of receiving impressions and transmit- 
ting them to the brain) is the skin, to which a delicate 
and minute plexus of nerve fibres is distributed. Ex- 
cited vascular action in inflammation increases the 
sensibility of parts ; and the application of cold, re- 
tarding the circulation, deadens the structure to ex- 
ternal impressions. 

Hunger and Thirst, 

Before entering into a description of the special 
senses, we may consider two varieties of sensation, 
one of which is referred to the stomach, and is called 
htmger ; the other referred to the throat, and termed 
thirst ; the former indicating a demand of the system 
for food, the latter showing that a requirement for a 
supply of fluid exists. 

The sensation of hunger is a peculiar sinking and 
gnawing feeling, referred directly to the stomach, and 
occasioned, probably, by some irritation to the nerves 
distributed to that organ. 

Mere emptiness of the stomach is not sufficient to 
cause the sensation, for the stomach is soon emptied, 
even after a full meal, without any such sense of 
hunger being produced ; though it is equally true that 
the sensation of hunger may be allayed by the intro- 
duction of indigestible matter. Indians on a march 
or journey will sometimes swallow earth, to stay the 
unpleasant feeling when they are in want of food. 
And again, nutritive material introduced into the cir- 
culation by other means will arrest the sensation of 
hunger, it may therefore be possible that a certain 
want felt by the system, communicates as it were, its 
requirements to the sympathetic nerves, which by 
their action cause a congested state of the lining 
membrane of the stomach, which, being ready, but 
unable to pour out the gastric secretion, on account 
of the absence of food, produces irritation of the neir^e^ 
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distributed to the gastric organ, and thus induces the 
sensation of hunger. 

Thirst is a sensation differing from that of hunger, 
being referred to the back of the throat or &uces, in- 
dicating the demand made by the system for a supply 
of fluid. 

The Senses. 

Certain organs are supplied with nerves which are 
capable of receiving only one kind of impression, or 
being acted on by one particular stimulus; these 
nerves are termed those ot special sense. Impressions 
which affect one nerve of special sense wiU not influ- 
ence the others ; thus, light only stimulates the optic, 
and sound the auditory nerve. 

The senses are five in number — ^touch, taste, smell, 
sight, and hearing. The last four are special. 

The Sense of Touch can scarcely be considered as 
one of the special senses, though it nearly approaches 
to them. 

The cutaneous covering of the body is particularly 
well adapted for receiving tactile impressions, from 
the abundant supply of nerve fibres distributed to the 
structure. Of these two varieties may be distin- 
guished : first, the looped termination of the sensory 
nervous branches ; and second, the nerves contained 
in the little prgections or papiUsB which stud all parts 
of the skin. The papiUse, as already described, are 
small conical projections, situated under the cuticle, 
composed of a loop of nerve fibre and a loop of capil- 
lary vessels. In the more sensitive parts of the cuta- 
neous surface, the papillae contain an internal " axile 
body," consisting of areolar tissue, covered with a 
layer of elastic tissue. Perception of the presence of 
external objects is obtained by the sensation produced 
through impressions made on the nerves andpapillsB 
of the skin, by actual contact with external bodies ; 
but the hardness or softness of different substances is 
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judged of rather by the resistance offered to the mus- 
cular power which is exerted in grasping them, than 
by the mere contact of the skin with the bodies 
touched. 

The appreciation of temperature also takes place 
through the medium of the cutaneous nerves ; iot it 
has been found that heat or cold applied to raw sur- 
faces only produces the sensation of pain, without 
giving rise to relative ideas of temperature. 

The degree of sensibility of a part bears direct rela- 
tion to the number of papillse it contains, and the 
thickness of the epithelial covering ; thus, the lips and 
palms of the hands, which are more thickly studded 
with papillsB than the skin on the back of the hand or 
foot, are much more sensitive to tactile impressions. 

Professor Weber determined the amount of relative 
sensibility by touching the surface of the skin with 
the legs of a pair of compasses, the points being 
guarded with small pieces of cork, and the eyes of the 
person closed during the experiment. He found that 
in certain situations the legs of the compasses must 
be widely separated before a distinct perception is 
obtained that the skin is being touched by two distinct 
points ; and in other places that the legs of the instru- 
ments may be closely approximated, and the impres- 
sions made by the two points be clearly felt. Thus, 
at the tip of the tongue, the two points were percep- 
tible when the compass-legs were but half aline apart; 
but on the skin over the spine it was found that the 
legs must be thirty lines apart before two distinct 
impressions were communicated ; for when the legs of 
the compasses were more closely approximated, the 
contact of the two points merely gave the impression 
that the surface was being toucned by one point only. 

The following are the results of some oi his obser- 
vations : 
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The two points can be f by the tip of the tongue, when only 
distingnished \ i a line apart. 

J by the skin on the palm of the hand, 



)> ti 



>» it 



»» »» 



when only 5 lines apart. 



r by the skin on the back of the hand. 



when only 14 lines apart. 



r by the skin over the spine, when only 



30 lines apart. 



The degree of sensibility, however, may be greatly 
augmented by habit or practice ; blind persons have 
even educated the sense to such perfection, that they 
could distinguish different colours by the touch alone. 
Again, the capacity of certain parts (which are not 
very sensitive to ordinary impressions) of recognising 
impressions of a peculiar character is remarkable; 
thus, the skin of the soles of the feet, under the arm- 
pits, and on the sides, though possessing an acuteness 
of tactile perception far below that of the tips of the 
fingers or red part of the lips, is capable of being 
stimulated by the action of " tickling " in a manner 
that will not affect the more sensitive parts. 

The Sense of Taste, may be almost regarded as a 
modification and refinement of the sense of touch, 
assisted by the sense of smell ; but the sense of taste, 
especially when stimulated by very bitter or very acid 
substances, produces impressions distinct from any 
that mere tactile impressions would cause, and which 
often arise without any assistance from the sense of 
smell. 

The Tongue is the special organ of taste, but the 
sense is not limited to this structure, as it exists in 
the palate and fauces. 

The tongue is a muscular structure supplied by two 
nerves, the glosso-pharyngeal and gustatory, the latter 
being a branch of the fifth. An epithelial layer covers 
the surface of the lingual structure, and embedded in 
its substance are certain conical projections, resem* 
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bling the papillae of the skin. These papillae are of two 
kinds, simple and compotmd; the former lie entirely 
undfer the epithelium without giving rise to any pro- 
minences indicating their presence ; the latter show 
themselves as projections on the surface of the organ. 

The simple papilla stud the entire surface of the 
tongue, and in a general wav their structure resembles 
that of the cutaneous papiliae, except that nerve fibres 
have not been traced in them. 

The compoimd papilla may be divided into three 
varieties, thejkingfiformy Jlliform, and circumvallate. 

The fungiform project considerably from the surface 
of the tongue, being scattered here and there on its 
tip and sides; they consist of a vascular plexus of 
capillary vessels and terminal meshes of nerve fibres. 
Covering these papillae is a thin layer of epithehum, 
so thin, indeed, that the colour of the blood circulating 
in the papillae is clearly visible, giving them the ap- 
pearance of little red projections on the surface of the 
tongue. 

The Jlliform are so called from the hair-like processes 
which spring from their free extremities ; they consist, 
like those just described, of meshes of nerves and 
blood-vessels, but they are destitute of any epithelial 
covering. They are situated round the fungiform 
papillae, and are much more numerous. 

The circumvallate papilla are few in number, eight 
or ten only being usually present, arranged at the 
base of the tongue in the form of the letter V ; their 
name indicates their appearance. They present a 
central mound surrounded by a furrow and then a 
wall of mucous membrane ; internally, they are 
made up of a clump of papillae resembling the 
" simple, and covering the wnole, is a layer of epithe- 
lium. 

The method in which substances produce their 
effects on these papillae, is uncertain, but it appears 
tolerably evident that the sense cannot be called into 
action unless the substance tasted is soluble in. tk<& 
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fluids of the mouth. Many things give certain im- 
pressions to the tongue, which are not the same as 
those arising from the stimulation of the nerves by 
matter dissolved in the mouth ; thus, marhle from its 
coldness appears to have a taste. Metals, especially 
two metals, produce a sensation of taste from galvanic 
action, and temperature also influences the sense in a 
marked degree. Extremes of heat or cold, entirely 
blunt the sensations and destroy the power of dis- 
tinguishing flavours. Habit, and the frequent over- 
stimulation of the lingual nerves, in time deadens 
their sensibility, and the repetition in quick succession 
of siriiilar flavours soon produces one kind of impres- 
sion only. 

The Sense of Smell is closely allied to the sense of 
taste, and is stimulated or called into action by the 
influence exerted on the olfactory nerves by effluvia 
which emanate from various substances, but as it is 
not certain of what their odours consist, it is difficult 
to explain how they act on the olfactory organ ; in all 
probability, small particles of the bodies which emit 
odours, float in the air, and coming in contact with 
the olfactory nerves, make certain impressions upon 
them which produce the sensation of smell ; and to 
assist this action, a current of air is constantly tra- 
versing the nostrils. 

The nerves of smell, or the olfactory nerves, are 
derived from the first cranial nerves, and are dis- 
tributed to the lining membrane or Schneiderian 
membrane of the nose. The olfactory nerves are 
peculiar in structure, inasmuch as they present no 
white substance, being composed entirely of gray 
matter. 

But little is known of the way in which effluvia act 
on these nerves, or what produces the difference 
between agreeable and disagreeable odours. In 
animals, the sense is considerably modified, and 
serves purposes different to that which it performs in 
man. The chief use of the sense of smell, is to dis- 
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tinguish offensive from pleasant odours, the former 
being usually injurious. 

The Sense of Vision, — Perhaps the most delicate and 
complicated organ is that which is specially adapted 
for receiving the impressions of rays of light on the 
optic nerve ; but before entering into a description of 
the construction of the eye, it will be well to consider, 
first, the laws which govern the transmission of rays 
of light through different media, and more especially 
media in the form of lenses. Eays of light proceed 
&om luminous bodies in all directions, and as long as 
they are propagated through the same medium, so 
long do they continue to proceed in right lines ; but 
when the rays encounter media of different density, 
th^ are refracted or bent from their course. 

In all cases, when passing out of a rare into a dense 
medium, a ray of light is refracted towards a perpen- 
dicular, raised from the surface of the denser medium 
at the impinging point. Thus, suppose A B is a 
ray of light, passing 
through air into a 
denser medium, D E, 
impinging on its sur- 
face at the point B; 
the ray enters the 
denser medium, and as 
it passes through it £> 
takes a direction dif- 
ferent to that which 
it followed before it 
passed into the dense 
medium, and it will be 
found to be bent towards a perpendicular, C Q-, called 
the normal, which is drawn at right angles to the sur- 
face of the medium D E, at the point B. In the same 
way, when the ray passes out again from the medium 
into the air beyond, or into one which is less dense, it 
is again bent from its course, but this time it is bent 
away from the normal line. 
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The amount of refraction of a ray depends on the 
difference that exists between the media through 
which it passes ; thus if it passes out of a rare into a 
dense medium, it will be greatly refracted ; but if the 
two media are nearly of the same density, but little 
refraction will take place. 

The form of the refracting media, however, also in- 
fluences the direction of the rays passing through 

them. Suppose ABC 
is a prism of glass, and 
D E a ray of %ht pass- 
ing through the air and 
impinging on the surface 
of the prism at the point 
E, the ray continuing on 
through the prism will 
' •.. ^ be bent from its original 
course, D E, and take 
the direction E G- ; now draw an imaginary line, the 
normal, H K, through the point E, at right angles to 
the suiface of the medium, and it will be found that 
the ray D E Q- is bent towards the line H K. 

A ray, therefore, passing through a prism is bent 
towards the base or thick part of the prism ; but on 
passing out of the glass again, the ray is refracted a 
second time ; but then it is bent from the direction of 
the normal. The reifraction, however, is not suffi- 
ciently great to bring it into the old direction, D E, 
that it had previous to entering the prism. 

It wiU be seen, therefore, 

thatif two prisms are placed 

base to base, and parallel 

rays of light impinge upon 

each of them, the rays will 

be bent towards the bases 

of the prisms, and will 

eventually meet at a point on the other side, termed 

i^Q focus. 

A double convex lens is nothing more than a modifl- 
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cation of the two prisms placed base to base, and the 
manner in which 
the rays of light 
are brought to a 
focus by this 
kind of lens, will 
readily be un- 
derstood. The 

line passing through the centre of the lens will, of 
course, suffer no deviation of its course as it enters 
the glass at right angles to its surface, and would, 
therefore, correspond with the normal. 

The manner in which a lens forms an image on a 
screen placed tehind is very simple ; the rays of light 
pass through the lens, and meet at a point on the other 
side ; but of course they do not stop there ; they still 
proceed onwards and cross each other. The image on 
the screen, there- 
fore, will be in- T /^^^ ^^^ 
verted, as in the 
figure of the arrow 
here drawn. A 
lens does not form 
a perfect image ; it has two defects : it is evident that 
rays of light passing through the edge of a lens where 
the surface is inclined at a different angle to the sur- 
face of the centre, wiU be more bent than those which 
pas9 through the central portions, and will, therefore, 
come to a focus at a different place. 

In the following figure,* K will be the focus formed by 
the outer rays, and the focus formed by the rays pass- 
ing through the central part of the lens will be at the 
point K/ This is called the spherical aberration of the 
lens. The defect may be corrected by using a dia- 
phragm, which cuts off some of the ravs, and only 
f)ermits them to pass through the central part of the 
ens. There is still another defect which a common 
lens presents — a ray of light passing through a prism 
splits up into its prismatic colo\ira, ^o >i)aaJt ^^^^a. *^^ 

* See fig., next page. 
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image formed by the lens is thrown on a screen, rings 
of colour will be seen surrounding the picture. This 

is termed chromatic 

Fi I NT aberration, and may 
be remedied by 
making a lens of two 
different kinds of glass, one more 
dense than the other, so that the den- 
sity of the whole lens is equalised 





THE HUMAN EYE. 

The human eye is of a spheroidal 
form, with a slight projection in 
front; the whole organ consisting 
of an investing coat composed of 
different layers or tunics, and an 
internal cavity filled with various 
humours. 

Externally, the globe of the eye 
looks white and shining, with a 
transparent circular portion in 
front, which is termed the cornea; 
and from the posterior part of the 
organ passes a round white cord of 
nerve substance (the optic nerye). 
Attached to the sides of the eyeball 
are the tendons of six muscles, four 
straight (recti) and two oblique 
(obliqui) ; and covering the whole 
anterior surface is a delicate membrane called the 
confunctiva. 

The wall of the eyeball consists of three coats or 
tunics, called the sclerotic, the choroid, and the retina. 
The external coat is the sclerotic, next to it is the 
choroid, and most internally, the retina. 
The sclerotic is a dense, white, fibrous membrane, 
^bicker at the posterior part o£ tti© e^^, esmaN^XivAm^ 
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what is termed the " white of the eye," and covering 
in the entire globe, except at the front, where a cir- 
cular aperture is left for the cornea, which completes 
the external coat of the organ, the sclerotic forming 
four fifths and the cornea one fifth of the whole. 

Attached to, and investing the sclerotic anteriorly, 
are the expanded tendons of the recti muscles, their 
tendinous expansions being called the *^ tunica albu- 
ginea;" and covering the whole anterior surface, even 
of the cornea, is a delicate mucous membrane, termed 
the conjunctiva, which also lines the internal surface 
of the eyelids. 

The cornea is the hard, transparent projection in 
the front of the eye ; it is circular in form, and shaped 
like a concavo-convex lens ; its edges are beveled off, 
and united to the margin of the opening in the sclero- 
tic. The cornea is composed of three principal layers : 
— 1st, the anterior elastic lamina; 2nd, the cornea 
proper; and, 3rd, the internal elastic lamina. The 
middle layer, or cornea proper, is itself composed of 
about sixty different layers, which do not differ much 
in structure from the fibrous sclerotic, except that 
they are perfectly transparent. 

No blood-vessels have been detected in the cornea, 
but numerous capillaries run up to the margin of 
the structure, and then loop back again without enter- 
ing its substance. In inflammation, however, vessels 
are clearly seen jutting into and across the cornea ; it 
is, therefore, probable, that minute channels do exist, 
but that they are too minute to admit blood corpuscles, 
or be detected by the most careful examination. 

The choroid. — Lining the internal surface of the 
sclerotic, is a dark-coloured, vascular membrane (the 
choroid), composed of a close network of blood-vessels 
and pigment-cells. The whole structure is extremely 
vascular, and assists, probably, in maintaining the 
heat of the retina— a function which, considering how 
much the eye is exposed to cold, is very important. 
At the anterior part the choTavi evi'iA \fik Ts»ss^«t»vx^ 
folds called the ciliary proce%ze%. 
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The retina, — ^The optic nerve enters tlie posterior 
part of the eye, piercing the sclerotic and choroid 
coats, and, expanding into a membranous form, con- 
stitutes the retina. At the spot at which the nerve 
enters it is insensible to light ; the point of entrance 
being situated on the inner side of the centre or axis 
of the eye, the " blind spot " cannot be directed on 
any object by both eyes at the same time. As the 
optic nerve enters the organ, it divides into numerous 
branches, which spread themselves out and form a 
network or plexus of nerve fibres, consisting entirely 
of gray matter ; besides this, there is a very minute 
capillary plexus spread over the nerve structure, and 
separatmg it from the choroid is a layer of cells called 
the membrana JacobL In one particular part of the 
retina is a yellow spot, the foramen centrale so called, 
though it is not an aperture, but is composed of trans- 

Earent nerve substance, the fibrous part of the retina 
eing absent, and the cell structure with the membrana 
Jacobi alone being present. This spot is by far the 
most sensitive part of the whole membrane ; and it is 
said that for perfectly accurate vision an image must 
be depicted on this part of the retina. 

Internal 8tructv/re and Chamhera of the Eye, 

The internal cavity of the globe of the eye contains 
two chambers, the anterior and posterior, both filled 
with a fluid called the aqueous humour ; the remain- 
ing portion of the cavity being fiUed with denser 
media, called the crystalline lens, and vitreous humour. 

The Iris, — Dividing the anterior from the posterior 
chamber is a muscular curtain called the tm, pierced 
by a circular opening termed " the pupil." The iris 
is the coloured part of the eye, the tint of the pigment 
varying in different people. This curtain is composed 
of two layers of muscular fibre, the posterior being 
diapoaed in a radiating manner, and the anterior in a 
drculsLT band at the margui o£ tlve i^unil. The radi- 
iag layer consists of uaatriped Taxjia^vuKc ^T^^^\s!k$3si 
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together with the circular band, are supposed to give 
the power of dilatation and contraction, thereby enlarg- 
ing or diminishing the size of the pupil. Scattered 
through the substance of this tissue, and covering the 
posterior surface, are numerous irregular-shaped pig- 
ment-cells, which give the colour to the iris; but in the 
albino the pigment of the choroid and iris is wanting, 
the colour of the blood-vessels giving a red appearance 
to the eye. 

The Crystalline Lens, — Immediately behind the iris 
is a transparent, lenticular- shaped body, called the 
crystalline lens. Its form is that of a double convex 
lens, the posterior surface being more convex than 
the anterior, and its structure consisting of about 200 
layers, composed of delicate, serrated fibres. The 
outer part of the lens is less dense than the centre, 
and the whole is enveloped in a transparent membrane, 
called ** the capsule of the lens." 

In front of the crystalline lens, filling the anterior 
and posterior chamber, is the aqueous humour, and 
behind is the vitreous body. 

The anterior chamber is the space between the inner 
surface of the cornea and the front of the iris ; it com- 
municates with the posterior chamber through the 
opening of the pupil. 

The posterior chamber is much smaller than the 
anterior, being the space between the back of the iris 
and the front of the lens and vitreous humour. Both 
chambers are filled with the aqueous humour. 

The Aqueous Humour occupies the anterior and pos- 
terior chambers of the eye, between the cornea and 
lens. This fluid is chiefly composed of water, contain- 
ing a little common salt, and is secreted abundantly 
from a membrane lining the posterior surface of the 
cornea ; so that if the humour escapes, as it frequently 
does in operations on the eye, it soon re-collects. 

The Vitreous Humour. — Lying between the lens and 
retina, is the vitreous humour, enclosed in a delicate 
membrane, termed the tunica vitiia, o\: K'uaXoxd. ^ssk^- 
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brane, which Bende processes Into the interior of the 
humour, splitting it up in a cellular manner, the in- 
terspaces being filled with a clear fluid, the whole 
substance having a jelly-like consistency. 

The hyaloid membrane, enclosing the vitreoiiB body, 
is a trmisparent fibrous covering, in contact by its 
outer Bur^ce with the retina, and at the anterior 
part with the hack of the crystalline lens. All these 
contained media just described, namely, the ciystaUine 
lens and its capsule, the aqueous humour, the vitreous 
body, and the hyaloid membrane, are perfectly trans- 
parent. 

The »uspe7isory ligament of the lena, situated round 
the edge of the lens, is a fibrous ligament, which assists 
to retain the crystaDine body in its position in firont 
of the vitreous humour. Between the ligament and 
the hyaloid membrane runs a little canal round the 
m^in of the lens, called the " canal of Petit." 

The ciliaty ligament is a band of white fibres, at- 
tached to the sclerotic at the internal surface of the 
mai^iin of the cornea, serving to suspend the iiis. 



The Human Ejie: 1, the identic; S.tbe mma; 3, (be choroid 
ciLioij ligament^ &, cilivy proceBeai 6, the irii; T. t^ pninl 
thareliiU! S, canal otPetit, LO.the uilerioicbunlier; ll.pOBtau 
under; 19, the lena; 13, thciitTeooi >i»Duiai-. U, uUi^ oC Ui 
■; 15 and 18, the optic nenc- 



MUSCLES OF THE EYE. 179 

The ciliary muscle. — Between tlie posterior surface 
of the ciliary ligament and anterior part of the choroid 
coat, are a few unstriped fibres of muscular structure, 
termed the ciliary muscle. 

The ciliary processes* — At the anterior part of the 
choroid it is arranged round the margin of the lens 
into a number of folds or plaits, called the ciliary 
processes ; they are about sixty in number, and con- 
nected with the hyaloid membrane and posterior part 
of the iris. 

Such being the anatomical structure of the organ, 
we must next consider its functions ; but before pro- 
ceeding to these, the muscular apparatus by which the 
eyeball is moved, and the lids by which it is protected, 
must be briefly noticed. 

Muscles of the Eye. 

The ball of the eye is situated in a bony cavity, the 
orbit, which also contains the lachrymal apparatus, 
the muscles, and a considerable quantity of lat, this 
latter substance forming a cushion on which the eye 
rests, resisting the tendency that the recti muscles 
have to draw the eyeball back into the socket. In 
disease, however, wnen the fat is mostly absorbed, 
the muscles act without restraint, and produce that 
sunken appearance of the organ so commonly seen. 

The muscles of the eye are six in number, four recti, 
and two obliqui. 

The recti muscles move the eye upwards, down- 
wards, and laterally; the o&Zt^'t^i partly turn the globe 
on its axis. Any two or more muscles may act to- 
gether, and their combined action turn the globe of 
the eye in all directions. 

The eyelids are muscular flaps, stretched on a rim 
of cartikge, covered with skin externally, and lined 
by the conjunctiva. They are destined to protect the 
eye by shielding it from dust, and by spreading over 
the surface a film of fluid at each act of nictitatioii o\l 
winking. With respect to tTieir «yc^\0XL) \\i \fia»^ ^^^^^ 
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briefly observed that the upper lid (or that which is 
movable) is supplied with a muscle — ^the levator pal- 
pahrm — ^which when in action raises the lid, but 
when not acting pennits the lid to fall ; and as no 
muscular action can continue without intervals of 
repose, at certain periods the muscle ceases to act, 
and the lid faUs, producing the act of nictitation; 
at the same time it serves to spread the secretion of 
tears over the conjunctiva, and gives a short rest to 
the retina. 

The lachrymal gland secretes the tears, and is situ- 
ated in a hollow at the upper and outer part of the 
orbit. In form, the gland somewhat resembles an 
almond, and in structure it resembles the salivary 
glands ; from it six or eight little ducts convey the 
secretion to the outer part of the upper eyelid, opening 
on the inner surface. 

The eyelashes and eyebrows shield the eye from light 
and dust, and prevent the sweat from running down 
the forehead into the aperture between the lids ; thus, 
in warm climates, where the sun is generally powerful 
and the light strong, the eyebrows are specially de- 
veloped. 

Passing from the globe of the eye to the brain are 
the optic nerves, serviag as the communicating chan- 
nel through which impressions made on the retina are 
transmitted to the nervous centre. A description of 
these nerves must next be given. 

The optic nerves are two round, white cords of nerve 
substance, passing from the back of the eyeball throug:h 
the posterior part of the orbit to the brain. In their 
course the two nerves converge, and at the base of 
the brain meet, and, uniting, form what is termed 
the optic commissure^ from which the nerves continue 
again as two separate flattened bands, called the 
optic tracts, terminating or becoming lost in gangli- 
onic masses at the base of the brain, called the thala- 
miM opiums, and geniculate body. 
In the optic commiBB\iie a tp^^svjXymc dacvxa^ation of 
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the fibres of the two nerves takes place ; thus the optic 
tract of the right side contains n«««vo«,-- 

- /. i.1. • 1.1. ij Optic Nervw. 

fibres from the nght optic nerve, 
blended with other fibres which 
cross through the commissure 
from the left; in a like manner, 
the left optic tract contains fibres 
both of tne right and left optic 
nerves. 

Of Images formed on the 
Heiina, 

The structure of the eye having 
been anatomically considered, it Optic Tracts, 

will now be necessary to regard it as an optical in- 
strument. 

From the account already given of the organ, it 
will be seen how closely it resembles the camera 
obscura. The light, passing through the cornea, crys- 
talline lens, and vitreous humour, forms an image of 
external objects on the expanded retina, and pro- 
ducing certain impressions, which, being communi- 
cated to the brain, convey to the mind the idea of 
the form and colour of surrounding bodies. 

The dark choroid lining of the chamber of the eye 
prevents any diflPusion or undue reflection of the rays 
after they enter through the crystalline lens, the 
same purpose being served in the camera by blacking 
the interior of the box. The two defects already 
spoken of to which common lenses are subject, 
namely, spherical and chromatic aberration, are coun- 
teracted Dy the arrangement of the iris, crystalline 
lens, and vitreous humour. The iris forms a kind of 
diaphragm, and the lens being so constituted that the 
denser portion is towards the centre, the two kinds 
of aberration are rectified. 

When the rays enter the eye they pass through 
the cornea and aperture of the pupil, and then through 
the crystalline lens, cross each other just behind that 
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body, and, traversing tlie vitreous humour, come to a 
focus on the retina ; but in some instances the focus 
is formed before the rays reach the retina, and in 
others the focal distance is beyond that membrane ; 
in either case an imperfect image will be formed on 
the retina, and no clearly defined impression will be 
produced. These two defects are termed, respec- 
tively, short and long sight, the former occurring 
usually in young persons, and the latter in old. 

In short sight, or myopia, the rays from distant 
objects cross each other too soon, and come to a focus 

before they reach 
the retina. This 
defect arises from 
too great a eon-^ 
vexity of the cornea 
or crystalline lens, 
or from too great a 

Image formed on the Retina of the Eye refractive pOWer of 

A B, an object ; c d, the retina. these or Other media 

in the eye; and it may be remedied by the use of 
concave glasses, which compensate for the defect. 

In long sight, ot presbyopia, the rays from distant 
objects come to a focus on the retina, but those from 
near objects are not sufficiently refracted, and there- 
fore^ their focal distance is beyond the retina, so that 
the image formed on it is out of focus. Thus, persons 
whose sight is of this character cannot distinguish 
objects close to them, whereas short-sighted people 
are able to see very minute bodies, when close to their 
eyes, much more distinctly than persons whose sight 
is adapted for either long or short distances. 

The defect of long sight arises from a flattening of 
the cornea or lens, or from too little refractive power 
of the contained media of the eyeball; the defect 
may be remedied by the use of convex glasses. 
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Game of3reet Vision, 

From the foregoing illustrations it appears that 
the image depicted on the retina is inverted; the 
question therefore arises—how is it that we see 
things in their actual position P and to this question 
many answers have been given, and many theories 
started as an explanation. Some say, that if every- 
thing we see is inverted on the retina, it comes to the 
same thing as if they were represented without being 
so inverted, as the relative position remains the same 
in either case ; others support the doctrine that we 
see correctly because we lea/rn to do so, and that the 
mind refuses to see objects upside down, because we 
know by actual experience that they are not so 
placed. But an explanation, which seems much more 
satisfactory, is 
that " the eye 
looks for an ob- 
ject in the direc- 
tion in which the 
rays of light from A^ 
it impinge on the 
retina ; " thus, 
suppose rays pass 
from the arrow 
A B, through the ^ * 
lens o H, and 
form, on the op- 
posite side, an 
image of the 
arrow n o ; and 
supposing this image to be formed on the retina, the 
rays striking it in the oblique direction G d and 
H c, the eye looks for the object in the direction in 
which these rays come, and therefore wiU see the 
arrow magnified to the size v e ; and thus the object 
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appears in its proper position, though its image on 
the retina is inverted. 

The picture of external objects formed on the 
retina must necessarily be very minute; and it is 
wonderful that every part, even when a large 
field of view is taken in, should be distinctly and 
clearly depicted, and defined to the sense ; but it is 
supposed that the sensitive spot alone is capable of 
receiving very delicate impressions, and that those 
received on the rest of the membrane are of a more 
general character, so that when we wish to see any- 
thing very distinctly the object must be delineated 
on the sensitive spot. It is well known that we may 
glance over a landscape and not observe some par- 
ticular object in it, till oiu* attention has been specially 
directed to the place ; and it may also be observed 
that, when viewing a large picture, and examining 
every portion attentively, the eye rapidly runs over 
the whole surface, otherwise the detail cannot be 
appreciated, though a general impression may be ob- 
tained. 

The Cause of Smgle Vision with the two Eyes. 

It is evident that when both eyes are directed to- 
wards one object — ^its image will be formed on each 
retina, and that two distinct pictures will be pro- 
duced, though the mind only recognises one impres- 
sion, or rather only has conveyed to it the idea of a 
single object. The cause of this single vision with 
the two eyes has been variously explained, but if it is 
remembered that the eye looks for the object in the 
direction in which the ray strikes the retma, it will 
be seen that the lines of " visible direction " are re- 
ferred by both eyes to the same spot, and, therefore, 
that the image seen by one eye is superimposed on 
that seen by the other, a perfect idea of the object 
being thus obtained. 

The introduction of the stereoscope enables us to 
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explain the necessity of binocular vision to obtain a 
correct idea of the distance and form of objects. On 
a stereoscopic slide two pictures are represented, but 
on close examination they are found not to be exactly 
similar ; they are, in fact, representations of the same 
object taken from a slightly different point of view, 
or, in other words, at a different angle. This is the 
case also with the images formed in the two eyes; the 
picture on each retina is not exactly the same, for fche 
eyes, being situated at a short distance apart, view 
the object on which they are directed at a sUghtly 
different angle. It may easily be proved that the 
images depicted on the two retinse are not the same 
by the following experiment: — Close the right eye, and 
hold a book a few inches in front of the left, so that 
one end of the book only is visible ; then open the 
right eye, and one side of the book will come into 
view ; the image, therefore, formed on the left retina, 
is merely that of the end of the book, but that on the 
right is a picture of the end and side as weU, the 
combined effect of the two images giving the idea of 
the book as it actually exists. The idea of solidity 
is not conveyed to the mind unless an object is viewed 
with both eyes, for unless the images formed on the 
retina are both referred to one spot, and these super- 
imposed, as is the case in the stereoscope, the object 
viewed will not stand out in relief. It will facilitate 
the explanation to enter into a brief description of 
the stereoscope, and the manner in which it produces 
its peculiar effect of combining two pictures, giving 
the idea of the existence of one onlv, each part of 
which seems to be as palpablv solid as the actual 
body or view that is represented. 

The form of stereoscope most in use, consists of a 
box provided with two lenses, or rather two half 
lenses, placed apart, at a distance equal to that which 
exists between the axes of the two eyes. Two pic- 
tures taken with the necessary difference of angle 
are placed at the bottom of the instrument, and on 
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looking through the lenses one picture alone appears, 
standing out in relief. 

Suppose that in the accompaDjing figure a and b 
represent the eye-pieces of a stereoscope ; it will be 

seen that each glass 
consists of half a 
double convex lens, or 
that, in fact, each is 
a prism, the two being 
placed with their bases 
directed outwards ; let 
c and D represent 
the two pictures on 
the slide at the bottom 
of the instrument; 
rays of light proceed from each picture to the 
under surfaces of the lenses, and passing through 
them, reach the eyes; let o f represent a ray 
coming from the picture c, and proceeding iu a 
right line c r, tiU it meets with the lens a, and 
passing through that lens ot prism, foUows the 
ordinary law of refraction, being bent towards the 
thicker part of the prism, and enters the eye in the 
direction A H. In like manner, the ray n M 
from the point d is refracted by the prism B, 
and enters the eye applied to that lens in tne direc- 
tion B K; but the eye looks for the object from 
which a ray of light proceeds in the direction the 
ray impinges on the retina ; therefore, the eye applied 
to the prism a sees the picture c at the point a, 
and in the same way the other eye sees the picture 
j> also at the point g ; therefore, the two pictures 
are seen superimposed, and the conditions bemg ful- 
filled, the idea of solidity is conveyed to the mind. 
Thus we see how, by the aid of an optical instrument, 
two images are combined, so that the appearance of 
reality is conveyed to the mind ; but when objects 
are viewed with the eyes, unassisted, an image of any 
single external body is depicted on each retina, but 
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tlie mind recognises the presence of tlie one object 
only, because the rays of " visible direction " are re- 
ferred to one spot, at which point either eye looks 
for the body from which the rays proceed, so that 
the images seen by both are superimposed, and one 
impression communicated to the Drain. 

Before leaving the subject, a few words will be 
necessary respecting the transmission of impressions 
from the two retinsB to the nervous centre. It will 
be remembered that a decussation of the fibres of the 
optic nerves takes place in the optic commissure, and 
that the optic tracts are made up of fibres from both 
nerves; but it appears that the fibres which enter 
into the composition of the right optic tract proceed 
from the outer part of the left nerve and from the 
inner part of tne right ; in the same way, the left 
tract is made up of fibres coming from the outer part 
of the right and inner part of the left optic nerve. 
To facilitate the explanation of the relation that the 
expansion of the fibres in the retina have to the optic 
nerves and tracts, let it be supposed in the subjoined 
diagram, that a l and 
B K represent the two 
optic nerves, and a and 
H the optic tracts; 
the retina, being an ex- 
pansion of the optic 
nerves, is represented 
at F c and e d ; if , then, 
it is admitted that the 
fibres from the inner 
part of the retina f o 
are merely an expan- 
Bion of the inner part 
of the optic nerve 
B K, and if the outer 
fibres of the retina e d are connected only with the 
outer part of the optic nerve a l, it is clear that 
as the fibres from the inner side of the nerve b k 
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and tlie fibres from tlie outer part of the nerve 
A L together form the tract h, the two sides of the 
retinae, o and n, are both in communication with 
the tract h, and, therefore, impressions received on 
the inner part of the left retina and on the outer part 
of the right are transmitted along the right optic tract 
to the right side of the base of the brain. In the 
same way, impressions on the opposite portions of the 
two retinsB are transmitted along the left tract to the 
left side of the brain. 

If such is the actual arrangement of the nerve- 
fibres, it would appear that ravs of light proceeding 
from an object viewed by both eyes would fall on 
those portions of the retina which are connected with 
the same side of the brain ; at least, this would be the 
case with objects when near the eye. Thus, in the 
following figure of a is an object from which rays 




proceed to the eyes, c and d ; they fall on the inner 
and outer sides of the two retinae respectively ; in 
like manner, rays from the point b wiU fall on the 
inner and outer sides of the retinae, but on the opposite 
sides or eves ; and, therefore, it may be that the im- 
pressions Doing united or strengthened by their trans- 
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mission through the same optic tract, produce but 
a single impression on the brain. 

« 

Adjtcstment of the Eye to different distances, 

A camera is provided with a sliding tube, by means 
of which the lens can be shifted, so that the focus 
may be altered according to the distance of the object 
to be viewed ; the back of a camera is also movable, 
and capable of being adjusted to the focus. It is 
obvious that some analogous arrangement must exist 
in the human eye, by means of which the focus of 
rays of light, from both distant and near objects, is 
always made to fall on the retina; but the exact 
nature of the mode by which this is accomplished is 
uncertain. Some physiologists imagine, that the dila- 
tation or contraction of the pupil is sufficient ; others, 
that the muscles of the eyeball press on and elongate 
the globe, thus altering the position of the retina. 
The correctness of either supposition is, however, 
very doubtful; the pupil does, it is true, contract 
when the eye is directed on an object at a long 
distance off, but in all probability another change in 
the interior of the eye also takes place, namely, a 
change of position or of form of the crystalline lens, 
which is supposed to be moved by the ciliary muscle. 
In favour of this view it is stated that predaceous 
birds, which are distinguished for their great range of 
vision, have very powerful ciliary muscles ; moreover, 
the loss of the power of adapting the eye to distances, 
when the crystalline lens has been removed in the 
operation for cataract, speaks strongly in favour of 
this theory. 

Duration of Impressions on the Retina, 

"When an impression has been communicated to the 
retina, it continues to exert its influence for a short 
time after the impressing cause has <ie«fife^'^<^ «x^ss^. 
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Thus, when a stick is whirled swiftly round with an 
ignited point, a circle of fire is seen, as the impression 
conveyed to the retina continues to act tiU the point 
of the stick comes round to the same spot again. On 
this principle, the thaumatrope and pnenakistoscope 
combined a series of figures rapidly presented to the 
eye. Impressions caused by rays of light falling on 
the retina continue for 0*34" or nearly a third of a 
second, but different-coloured lights yamsh with differ- 
ent velocity. 

Many natural phenomena depend on this property 
of the retina ; for example, the eye connects the varied 
movements of the electric fluid in forked lightning, 
and though this is the successive impressions of nu- 
merous separate discharges, yet the eye connects the 
whole course into a forked line. The use of this pro- 
perty of the retina is evident, for unless this power of 
retaining the impression for a short period existed, 
at every act of nictitation vision would be obscured. 

The act of winking has been previously alluded to, 
and its use in spreadmg the tears over the conjunctiva 
mentioned. It serves yet another purpose ; no ner- 
vous action can continue without moments of cessa- 
tion, and a brief period of rest is afforded to the retina 
at every fall of the eyelid. 

The impression of colours on the retina is peculiar ; 
if any one colour is strongly impressed for a consider- 
able time, on its sudden withdrawal the complementary 
colour wHl be vividly depicted, or rather a sensation 
will be communicated to the brain such as would be 
produced by the presence of the second colour. Thus, 
if the eye rests on a bright red spot for some time, 
when it is suddenly withdrawn a green spot of the 
same shape seems to take its place. 
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EYES OF THE LOWSB AlflMALS. 

In many of the lower types of animals no approach, 
even to a rudimentary eye, can be detected ; but in 
some creatures that rank rather higher coloured spots 
are found to exist, which, from the nervous filaments 
connected vrith them, may be regarded as optical 
organs. 

The Echmodermata is the lowest animal in which 
any such spots have been discovered. 

Mollusca. — No advance in the complexity of the 
structure of the eye presents itself in the lower Mol- 
luscs ; but in some of the higher classes, especially 
amongst the Encephalous, an advance in the develop- 
ment of the visual organs is observable^ Thus, in the 
Cephalopoda eyes are found wh<ich contain almost all 
the ohaiMMTteristic parts of the eyes of higher animals. 
The eye of a cephalopod has a distinct cornea, orys- 
taUine lens, and vitreous humour, an anterior aaad pos- 
terior chamber filled with aqueous fluid, and also the 
three external coats — sclerotic, choroid, and retina. 
The connection of the organ vrith the brain, however, 
is remarkable ; instead of a single optic nerve passing 
from each eye, numerous nervous filaments connect 
the retina with the optic ganglia which are situated 
close behind the eyeball. Though the other parts 
of the organ are so similar to those of the higher 
animals, a complete iris is wanting, being represented 
only by a rudimentary fold of the sclerotic. 

Artieulata. — In the lower ranks of this sub-kingdom 
fhe eyes are of a very rudimentary character ; but in 
the higher types, as in insects, the visual organs are 
greatly developed. In most insects the eyes are com- 
jpotmdy that is, each organ is made up, as it were, of 
a number of separate eyes, clustered together into one 
mass, each presenting a distinct cornea, breaking up 
the whole surface of the compound eye into a number 
of facets. Insects are provided mtk tsR^ ^^^sc^^nss^ 
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eyes, which are uBually large, forming a hemispherical 
protuberance on either side of the head. Oaezamin- 
mg one of these eyes, the surface pr^ents sereral 
thousand facets, each of which ie the cornea of a dis- 
tinct simple eye. On section of the compound eye, it 
is found thai the whole mass is made up of these sim- 
ple eyes, placed in a radiating manner, each coneisting 
of a pyramidaJ-shaped crystal body, at the upper pMt 
of which is the cornea or facet, and at the lower a 
fluid, yitreoua humour. Each simple eye, moreover, is 
coated at its lower part with a black pigment, ao that 
rays of light entering it do not interfere with those 
passing into the adjacent tubes. At the base of these 
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pyramidal- shaped bodies is the expansion of the optic 
nerve, which reeeivea impreMiona made through any 
one of the simple eyes. Each facet is, aa before atateo, 
a cornea, whien, when closely observed, is found to he 
bi-convex, acting as a lens, and the pigment at the 
lower part of each cone prevents any divergence or 
refraction of the rays in their course to the optic 
nerve. It is evident that, as all the simple eyes are 
arranged in a radiating manner from a common centre, 
each one must have & Nery Umited range of vision, hut 
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that the whole compound organ is capable of taking 
in an extended view. 

Crustacea possess eyes very similar to those of 
insects, but the organs are smaller in proportion to 
the size of their bodies. 

Arachnida, too, are provided with smaller eyes, 
but constructed in a similar manner ; the number of 
simple eyes making up each compound organ, never 
exceeds eight, and these are not always collected into 
one mass. 

Vertehrata. — Animals in the vertebrate sub-king- 
dom are furnished with distinct eyes, two in number, 
differing but little in form and structure from those 
of human beings. The visual organs of all vertehrata 
are spheroidal, enclosed by a sclerotic coat, lined 
with a choroid membrane, and provided with an ex- 
panded retina ; in front is the cornea, behind which 
IS the anterior chamber, crystalline lens, and vitreous 
humour ; from the back of the organ passes a smgle 
optic nerve, connecting it with the ganglia at the 
base of the brain. Though the general arrangement 
is so similar to that of the eye in man, various dif- 
ferences present themselves in the several classes. 

Fishes. — The eves of fishes are remarkable for the 
great density of the transparent media, and the 
spherical shape of the crystalline lens ; and also for 
the presence of a small body called the choroid 
gland, situated at the back part of the eyeball. The 
cornea of a fish's eye is usually flattened, and the 
sclerotic is either cartilaginous or bony, assisting in 
preserving the form of the eye. The quantity of 
aqueous humour is scanty, but the spherical crystal- 
line lens is composed of a very dense structure, so 
that rays of light are refracted by it, and brought to 
a focus soon after passing through its substance. As 
the water is itself a dense medium, it is absolutely 
necessary that the lens should be still more dense, in 
order that the light entering the eye should produce 
an image of external objects, depicting them on the 
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retina. The retina is plicated, or folded like a fan, 
and in the cod it is folded up before entering the 
organ, expanding after it has pierced the sclerotic. 
The choroid gland is a vascular erectile body, placed 
at the back of the eye, and supposed to assist iii 
adapting it to different distances. The choroid mem- 
brane itself is composed of three layers, one of which 
has a bright metallic lustre. The eyes of fishes 
being placed on opposite sides of the -head, cannot be 
brought to bear on the same object at one time, and 
it is found that the optic nerves proceeding from the 
back of the eyes pass directly across to the optic 
ganglia, without decussating in a commissure. 

Beptiles. — In this class the eyes present but a 
rudiment of the osseous or cartilaginous plates in the 
sclerotic, except in the extinct species, in which 
the front of the eye is often protected by distinct 
bony plates, as in the Ichthyosaurus. An arrange- 
ment of the skin is now first observed, by means of 
which protective flaps are pi^di:ced,= covering the 
front of the visual organs, and fon&ing the eyelids. 
In serpents, however, the skin is contfi^ed entirely 
over the cornea, becoming transparent ai it passes 
over. ^ 

Besides the external lids, a rudimentary 
lid, called the membrana nictitans, is devell 
the corner of the eye ; but, in Batrachia and 
a complete nictitating membrane exists. 

Birds, — The eyes of birds are more perfectly 
loped than those of any other animals, being larg^ 
size, and adapted for very accurate as well as vt 
distant vision. The general structure of the eye 
similar to that of mammals, presenting, however 
certain modifications; the shape of the eyeball is 
globular, being retained so by a sclerotic, strengthened 
by either osseous or cartilaginous plates, usually 

? laced in front, to the number of twSve to sixteen, 
'he cornea is very convex, and the anterior chamber 
tlarge, containing a considerable quantity of aqueous 
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fluid. At the back of the organ is the pecten—a, 
vascular body, which projects forwards, behind the 
retina, near the optic nerve ; its use, probably, being 
to push the retina forwards, when the eye has to be 
adjusted to different distances — a function, which is 
performed by the pecten suddenly becoming gorged 
with blood;- and being thus enlarged, pushing the 
nerve membrane before it. Two eyelids, of which the 
lower is the more niovable, protect the eye ; besides 
these, a completely developed membrana nictitans 
exists; which, when- drawn over the cornea, sweeps off 
any dust on the surface of the eye, and, at the skme 
time, moderates the light passing into the organ. 
Thus, by the aid of this semi-transparent membrane, 
eagles are enabled to look at the sun, at least, such 
is the common notion. 

Mammals. — The eyes of mammals are smaller in 
proportion to their Ijodies than those of birds, and 
are destitute both of the protective plates on the 
sclerotic and the nictitating membrane, which is pre- 
sent only in a rudimentary form ; in the human eye 
the snisdl red fold of membrane at the inner angle 
is the representative of the structure. In certain 
quadrupeds the choroid is partly lined with a layer of 
shining pigment of metallic lustre, which causes rays 
of light entering the eye to be reflected backwards 
and forwards, strengthening the impressions pro- 
duced, and enabling animals to see almost in the 
dark. This membrane is called the tapetum, and 
exists in great perfection in the cat, giving the pecu- 
liar glitter to the eye of that animal when seen 
through the dusk. The description of the human 
eye already given will serve for that of mammals 
generally; the only exceptions that require notice 
tre the ornithorhyncus and animals of the whale 
ribe; in the former, the sclerotic is protected by 
sseous plates ; and in the latter the crystalline lens 
* spherical, resembling that of fishes. 
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THE SENSE OF^HEAEING. 

The ear is an organ adapted for collecting and re- 
ceiving vibrations propagated through the air or other 
media. In the human ear, the waves of sound are 
received on a thin membrane, stretched out at the end 
of a bony canal, and transmitted thence by a chain of 
small bones to the interior of the auditory organ, where 
impressions are received on the terminal filaments of 
the portio mollis, or auditory nerve. 

In man the ears, placed one on either side of the 
head, consist of two portions, an external and an in- 
ternal ; the first is the part exposed to view, which 
we commonly call "the ear;" and the second is a 
cavity in the temporal bone, at the side of the skull, 
containing the more complex parts of the auditory 
apparatus. 

The external ear is somewhat cone or trumpet- 
shaped, destined to collect vibrations, and reflect them 
to the canal leading to the interior of the organ. The 
external ear, or pinna, as it is called, is composed of 
cartilage covered with skin, and attached to the sur- 
face of the osseous canal in the temporal bone. Each 
part of the pinna receives a definite name ; for ex- 
ample, the central cavity is called the concha, and the 
lower, pendulous part is termed the lobule. The 
concha opens into a canal — the meattis auditorius — 
which leads to the internal ear ; at the bottom of this 
meatus is a membrane closing its inner aperture, called 
the memhrana tympani, or " drum" of the ear; this 
structure is placed obliquely as regards the axis of the 
canal, and consists chiefly of fibrous tissue. Behind 
the drum is a cavity in the temporal bone, termed the 
cavity of the tympanwrn, which communicates with the 
throat by a duct, at the lower part ; this duct is partly 
osseous and partly membranous, and is called the 
Eustachian tube. 

Within the tympanic cavity are three small bones, 
the malleus, incm, and stapes; the first so termed 
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from its resemblance to a hammer ; the second from 
being like an anvil ; the third because its shape is like 
a stirrup. These three bpnes are connected together ; 
the incus, being in the middle, the handle of the malleus 
is attached to the inner surface of the membrana tym- 
pani, whilst the foot part of the stapes fits into a small 
opening — the fenestra ovalis — at the other side of the 
tympanic cavity. 

The fenestra ovalis is closed by a membrane to 
which the stapes is attached, and leads to a cavity 
termed the labyrinth, so called from its complex ar- 
rangement. The labyrinth consists of three distinct 
parts, the vestibule, semicircular canals, and cochlea. 

The vestibule is the central cavity of the labyrinth, 
communicating both with the semicircular canals and 
cochlea. 

The semicircular canals are three bony tubes, ar- 
ranged in planes nearly at right angles to each other, 
constituting the upper part of the labyrinth. 

The cochlea is a portion of the cavity, being conical 
in form, resembling a snail shell, with a central axis 
or modiolus, around which winds a canal or spiral tube, 
making about two turns and a half rouna the axis. 
The interior of the tube is divided by a partition into 
two canals, which communicate only at the summit 
of the helix ; but at the base they open by one aper- 
ture into the vestibule, the other opening leading to 
the tympanum. The whole labyrinth is lined with 
a membrane, which secretes a fluid called the " peri- 
lymph," except in the cochlea, where none is poured 
forth. In addition to this, two sacs of membranous 
structure exist in the cavity of the vestibule and semi- 
circular canals ; one sac is called the utricle, the other 
the saccule ; the former sends prolongations into the 
semicircular canals. Both the utricle and saccule are 
filled with fluid, containing little particles of calcareous 
matter, called oto-conia, or " ear-dust." The whole 
cavity, therefore, of the vestibule and semicircular 
canals is filled with fluid. 
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The auditory nerve is- a portion of the aeventh 
cranial, and, after entering the internal ear, divides 
into two branchee, one of which ie distributed to the 
cochlea, and the other to the vestibule ; the cochlea 
branch enters at the base of the modiolus, and is dis- 
tributed to the interior of the spiral tube ; the vestibu- 
lar branch spreads out into filaments on the membrane 
forming the walla of the saccule and utricle. 

• Efeet of Sound on the Ear.— The eitemal ear, both 
from its form and position, is adapted to collect sounds 
from all directions, and to reflect them into the open- 
ing of the auditory canal. Sonorous undulations im- 
pinge on the membrana tympaui, causing it to vibrate, 
the vibrations being communicated by the chain of 
boQ^ to the membrane clewing the fenestra oralis, 
whence they are transmitted to the fluid in the in- 
terior of the labyrinth, producing certain impressions 
on the auditory nerve. 

The membrana tympani is provided with delicate 
muBclcB, by means of which it can be tightened or 
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r^flied; ai^ the air ia permitted to have free access 
to the tympanic cavity by metaiB of the Eustacfaiaji 
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tube, -the pressure on both sides of the membrane 
being thus equalised. When the Eustachian tube 
becomes blocked up by mucus, as is often the case 
in a common cold, the ear so affected is rendered deaf. 
In what manner the vibrations communicated to the 
fluid in the labyrinth act on the auditory nerve is un- 
certain ; or what, are the functions of the semicircular 
canals or cochlea is as yet unknown. Some imagine 
that as the canals are> placed in different planes, the 
vibrations coming from different qiiarters are thus 
recognised. The otoconia is a rudiment of certain, 
bodies called otoUthes, found in the ears of the lower 
animals, and perhaps assists in intensifyiag sounds/ 
The loss of the sense of hearing may depend either on 
lesion of some portion of the auditory apparatus, or 
on some dise^lse of the brain or auditory nerve. 

The Organ ofMearmg in the Lower Animals. 

The AcalaphcB are the lowest order. of animajs in 
which any signs of an aural apparatus has -been de- 
tected ; but in these, and in most Molluscs and 'Arti- 
culata, the organ of hearing consists only- pf a simple 
sac, with filaments of the auditory nerve distributed 
to its membranous wall, and one^or more calcareous 
bodies, called otoUtheSy enclosed in its cavity. 

All Vertebrate animals, with the exception of the 
amphioxus, are provided with organs^of 'hjeanipg^', but 
even in some of the classes of the sub-kingdom, the 
ear is very rudimentary. 

Fishes. — In certain fishes — the lower tjrp^Q^ Cy- 
clostomi — ^there is but little advance over th^ .^ii^pl© 
arrangement of a sac containing fluid and otplith,es ; 
but in the higher orders, semicircular canalg .fp:e;.d6- 
veloped, and the ear, instead of being complet^y pil|ut 
up in the bones of the skull, has an aperture leja^iilg 
to the exterior of the body, closed only .by a.tjiin 
membrane. In orders of a still higher rank, a. distinct 
tympanic cavity exists, and even a rudimentary Ea- 
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stachian tube connected with the swim-bladder ; the 
otolithes also are commonly large and well developed, 
composed of carbonate and phosphate of lime, and 
situated in the cavity of the vestibule. A pair of these 
curious bodies is usually present ; their shape is some- 
what irregular, but the edges are serrated, and in the 
body they are cemented together by a sort of mucus. 

JReptiles possess ears of a more complex structure, 
containing a true tympanic cavity and membrane, 
with the chain of small bones, and even a rudimentary 
cochlea. 

Birds, — The organ in birds presents a still greater 
advance, the cochlea being completely developed, con- 
sisting, however, of a straight instead of a convoluted 
tube. 

Mammalia. — In mammals, an external ear is added 
to the internal structure — an addition which is found 
in no other class, except, indeed, in a few nocturnal 
birds ; but in some mammals this external portion of 
the auditory apparatus is greatly developed, and is 
moved at pleasure by three muscles attached to it. 
The description of the human ear will apply to mam- 
mals generally. 




THE PEODUCTION OF SOUNDS BY 
YAEIOUS ANIMALS. 

The production of sound is common to most of the 
higher, and also to some of the lower animals ; but no 
creatures of simpler organization than molluscs are 
capable of emitting sounds. 

In the human being, the organ of the voice is situ- 
ated in the upper part of the windpipe, called the 
larynx ; and the organs of speech in the cavity of the 
mouth, the production of musical tones depending on 
the ruBbing of air through a narrow aperture— the 
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ghttia — the edges of which are formed hy two elastic 
vibratile cords, or chordw vocales ; and the production 
of articulate sounds, having no relation to the larynx, 
but depending on the traosmission of a current of air 
througn the oral cavity, and the movement of the 
tongue and lips. 

The larynx is situated at the top of the trachea or 
windpipe, and consists of a tube formed by curiously 
shaped pieces of cartilage, which are connected by 
ligaments and membranes, and acted on by six small 
muscles. 

The cartilages entering into the formation of the 
larynx may be easily felt in the throat ; and one of 
them, which projects slightly forwards, especially in 
men, gives rise to an external swelling, known by the 
name of **the apple," or "pomum Adami." The car- 
tilage that causes this projection is represented in the 
annexed figure, where ^ front view of fig. i. 

the structure is given; it receives n 
the name of " the thyroid cartilage, ^^ ' - 
and is the largest of all the carti- 
laginous bodies that enter into the 
formation of the larynx. Below the 
thvroid is a ring-shaped cartOage, 
called the cricoid, narrow in front, 
but broad behind, attached to the Front view of the Thy- 
thyroid by a membrane stretching roidandCnwid. 
in the space between the two, and also by two mus- 
cles situated at the lower part of Fig. 1. 

The posterior part of the thyroid cartilage is open, 
and is occupied by the broad portion of the cricoid, 
and partly by two narrow horns of cartilage attached 
to the top of the cricoid. A posterior view of these 
cartilages is given in the following Fig. (2), where the 
two little horns, called the arytenoid cartilages, are 
seen rising above the cricoid, and connected together 
by muscular structure, the fibres of which are ar- 
ranged crossways, constituting a muscle called the 
arytanoideus. A front and back view having been. 
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studied, suppose a section made vertically through 
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the whole stnie- 
ture, as is repre- 
sented in Fig. 3. 
Another muscle 
comes into view^ 
nmiiinfj from back 
to front, from the 
arytsanoid carti- 
lage to the top of 
the inner suriace 
of the thyroid; and 
it ie evident that if 
this muscle con- 
tracted, it would 
draw the two car- 
tilages nearer each 
ring other. In the same 
I™ position, running 
■ below the musclai 



from back to front, ate two cords which meet i 
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front, but are wider apart at the back, forming a 
V-shaped opening between the two. On looking 
down, therefore, from above into the larynx, these 
two cords, which are termed the vocal cords, may 
be seen as represented in Fig. 4. Through the 
narrow opening between them, the air rushes from 
the lungs, and according to the action of the little 
muscles attached to the cartilages, so are the vocal 
cords tightened or relaxed, and tones of different pitch 
produced. 

^ZZ. the muscles of the larynx have not been noticed, 
but it -will be sufficient to state that there are si3» 
special laryngeal muscles — ^three internal and three 
external. The cartilages, too, are so fixed together 
by ligaments, that they can move on each other as on 
hinges ; and above the vocal cords are lateral pouches 
and bands of ligament, forming what are called the 
false vocal cords. Besides these, just behind the root 
of the tongue, and at the orifice of the larynx, is a 
piece of yellow, leaf-shaped cartilage, called the epi- 
glottis, connected with the upper part of the laryngeal 
cartilage and back of the tongue. This structure 
stands erect during respiration, but in deglutition it 
shuts down like a Ud on the opening into the larynx, 
preventing the passage of food into the windpipe. 

The nerves distributed to the larynx are two in 
number, on each side ; one supplies the mucous mem- 
brane which lines the entire apparatus, and the other 
is distributed to the muscles ; this latter nerve being 
a branch derived from the pneumogastric. 

Air forced from the lungs through the windpipe, 
passing between the vocal cords, sets them vibrating, 
producing notes differing in pitch, according to the 
approximation of the cords and the power with which 
the muscles tighten and fix them in position. As the 
vocal cords are but about an inch in length, it is evi- 
dent that there is no very great analogy between them 
and the common strings of musical instruments ; for 
no ordinary string of so short a length could be made 
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to produce notes so clear and deep as some of those in 
the human voice. But a closer analogy exists between 
the arrangement of the laryngeal membranes and 
vocal cords to that of reed instruments ; indeed, an 
artificial larynx and glottis has been constructed of a 
wooden pipe, like an organ pipe, at the upper part of 
which a fold of leather doubled round a peg served to 
represent the vocal cords ; and, by means of this appa- 
ratus, sounds very similar to those of the human voice 
have been produced. 

Speech^ or the production of articulate sounds, con- 
sists of a modification of laryngeal tones by the agency 
of the tongue, palate, and lips ; but distinct words may 
be produced without any assistance from the larynx — 
as m a whisper ; the only condition necessary being 
the propulsion of air through the oral cavity. 

Sounds produced hy the Lower Animals. 

As before stated, no animals lower than certain 
Molluscs are capable of emitting sounds ; but many 
creatures in the Articulate series, especially amongst; 
the Insect tribes, have the power of producing various 
kinds of sound, as humming, chirping, hissing, &c., 
either by a rapid movement of their wings, or by the 
friction of their limbs or antennae against their bodies, 
or lastly, by the vibration of small plates of mem- 
brane situated at the extremity of the posterior 
spiracles of the chest. 

Vebtebeate animals possess the power of creating 
sound in a high degree. 

No species ofjlsk are known to produce sound 
except by the act of " blowing." 

Reptiles are usually able to emit sounds ; thus, the 
frog "croaks," the serpent "hisses," and crocodiles 
give a loud, harsh cry, jQmost amounting to a " roar." 

Birds are characterised specially by the powerful 
they possess and the loud, clear, musical tones 




ANIMAL MECUANICS. 205 

they produce; but the arrangement of the larynx 
difi'ers from that of the human being ; and even in 
the various tribes of birds, different arrangements 
exist. Besides an upper laryngeal apparatus, some- 
what resembling that of man, an inferior larynx or 
special organ for producing musical notes, is situated 
at the lower part of the trachea, just where it divides 
into bronchi ; at this spot a transverse piece of bone 
with a vertical plate of membrane attached, is so 
placed that air passing from the bronchial tubes 
rushes up on either side and sets the membrane 
vibrating ; moreover, each of the bronchial tubes has 
its own glottis, and the membrane stretched between 
the rings of the air passages, in this part of their 
course, is so tense that it acts as a sort of drum, in- 
creasing the loudness of sounds produced by the 
larynx. 

But few birds are capable of articulating words, 
and those that do possess the power use the tongue 
in speaking. 

Mammals are all capable of producing sounds, and 
the structure of the laryngeal organ in almost the 
whole class resembles that of man. 



ANIMAL MECHANICS. 

CoNsiDEBiNO the animal frame as a machine 
destined to perform certain movements, it is obvious, 
that the bones forming the internal skeleton are the 
organs which afford fixed points of attachment and 
support ; moreover, a greater or less degree of move- 
ment is permitted by the various articulations, when 
the muscles attachea to the bones entering into the 
formation of these joints are called into action. The 
different forms of joints have been already described, 
our attention, therefore, may now be directed to the 
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manner in which the muscles act on the bones them- 
selves. 

On examining the atrangement'of the muscles in 
the human subject, it^is found that they are stretched 
out between two ossebus points, connected more or 
less to the bones fr<Jm which they arise and into 
which they are inserted. Speaking generally, the 
muscles act at a mechanical' disadvantage, as the 
manlier of their ' attachment ■ to the bones converts 
the lattfer into levers of the third order* for example, 
take the *^ biceps" muscle of the arm, its twoxipper 




Biceps ,o( the Arm.. 

tendons are attached to the scapula or shoulder blade, 
and its lower tendon is inserted into the radius, (one 
of the bones of the fore-arm), just below the bend of 
the elbow. The elbow joint, therefore, is the fulcrum; 
and the bones of the fore-arm the lever ; the weight, 
or resistance, is the hand and fore-part of the arm ; 
the power supplied by the contraction of the biceps, 
acts at a point between the elbow and the hand ; thus, 
a lever of the thil*d order is produced ; but, of course, 
the muscle acts at a disadvantage, rapidity of motion 
being gained at the expense of motive power. Many, 
nay, most of the muscles of the body, act in this way. 
We may also examine the disposition of the triceps 
at the back of the arm ; an example of the first order 
of levers will be then found. Thus, the elbow joint 
is again the fulcifum, and the ulna the lever; the 
triceps is inserted into the upper part of the ulna, 
called the olecranon, which forms the short arm of 
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•the lever, the longer arm being constituted by the 




Triceps Muscle at the back of the Arm. 

remaining portion of the ulna. Here, again, there is 
*a • loss of power, on account of the 

force being applied to the short arm 
'of the lever. Lastly, an illustration 
•of the second order of levers may • be 

taken. The tendo Achillis is inserted 
•into the os calcis or bone of the heel, 
'raising the body by lifting the back 

of the foot in walking; in this case, 
. the toes represent the fulcrum, the 

weight impinges on the foot at the 

point wh^re it joins the tibia or bone 

of the leg, and the power is applied 

at the efiremity of the heel. Here 

we hate a gain of piower consequent 

upon the fact that the power is ap- 
plied to the longer arm of the lever, 

whilst the weight acts on the shorten. 
There is still another method 

in which the power of muscles 

is partly lost. As a rule, tl.ey 

act in a direction nearly parallel 

to the axis of the bones which 

they move ; this is the case of 

the deltoid muscle ■ on the 

shoulder, which acts in the 

direction b a (in the following 
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figure), and, therefore, does not apply its contractile 
force with the same advantage that it would did it 
act at right angles to the bone, in the direction b c. 
However, as the ends of the bones at the parts 
forming joints are usually enlarged, the muscles do 
not begin to act quite in the same line as the axis of 
the bones, but in a direction slightly oblique. 

Either extremity may become the fixed point in 
muscular action, so that a great variety of movemeiits 
is the result. 

The tendons attached to the extremities of muscles, 
are guided in the direction of their destination, by 
grooves in the bones, or by strong sheaths of mem- 
brane, and occasionally by complete canals or rings 
of osseous and cartilaginous structure, through which 
they pass as through a pulley. Thus, the superior 
oblique muscle of the eye, passes through a small 
cartilaginous ring or pulley ; and the tendons running 
down behind the inner ankle to the sole of the foot, 
have regular furrows hollowed out for them in the 
bones. There is but little friction in all the move- 
ments just referred to, owing to the presence of 
smooth articular cartilage and synovial fiuid ; at the 
same time, the joints and tendons are retained in 
apposition by strong ligamentous bands. 

The human frame is constantly in danger of being 
exposed to external violence; certain provision^ 
arrangements to guard the more delicate structures, 
therefore, exist. A good example of this is manifest 
in the arched foj? m of the cranial bones, and the in- 
creased thickness of those portions most exposed to 
injury from direct blows. The form of the skull 
assists greatly in strengthening the structure, enabling 
it to resist even a very considerable degree of violence 
without fracture of the bones. 

The spinal column, also, exhibits a marked pro- 
vision in its arrangement, for protecting the enclosed 
cord, and for preventing the transmission of violent 
sudden shocks to the base of the skull and brain. 
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' The vftrious curves assumed by tlie whole column 
assist in resolving forces communicated to its lower 
extremity; and the elastic substance between the 

' vertebrae carries out this plan still farther. Thus, in 
leaping, the violence of the shock to the feet is trans- 
mitted to the base of the skull, but the force is greatly 
diminished by its passage upwards through the legs 
and spinal column. 



DEVELOPMENT. 



All living beings, whether plants or animals, com- 
mence their existence in a simple form, becoming 
gradually developed and at length completely or- 
ganized. If we go back to the earliest stage, we find 
that plants and animals alike originate from a simple 
cell, which, by its repetition and multiplication, cod- 
stitutes in time the different parts of the organized 
being. In the earliest stages of development, we 
cannot distinguish whether the first primitive cell is 
that of a plant or an animal ; and even when the 
progress of formation has continued further, and it is 
evident that an animal is being developed, it cannot be 
determined, to what sub-kingdom it will belong ; and 
again, when the development has advanced so far 
that it can be distinguisjied whether the creature will 
be a radiate, articulate, molluscous, or vertebrate 
animal, the distinctive characteristic marks of the class 
in which it is destined to rank are wanting ; nor is it 
till a still greater advance in organization has taken 
place, that the order and type can be surely de- 
termined. It must not, however, be imagined from 
this statement, that there is any analogy between the 
lower stages of development of the higher animals 
and the permanent form of the lower animals ; or, in 
other words, that higher beings, in their develoijmeiLt^ 
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pass through a series of forms similar to the permanent 
forms of creatures of lower organization, or that, in 
fact, a higher animal can, as it were, be developed from 
a lower ; for at no period of their existence (at least as 
soon as parts can be distinguished) do the higher 
animals present, in form and structure, a resemblance 
to the matured form or structure of animals of lower 
organization. It is true that some beings of the same 
class or sub-kingdom exhibit in their embryonic state 
a great similarity; but as development respectively 
progresses, so do the different parts in each animal 
assume a form less similar, and become adapted for 
the requirements of the special organism to which 
they belong. On the other hand, exception may be 
taken to these considerations ; for it is equally true 
that animals of a high type may, in their earlier stages 
of development, be placed under such circumstances, 
that they resemble and live the same kind of life as 
animals whose organization is of a more simple type ; 
the Batraohian reptile, the frog, in its earlier period of 
existence as a tadpole, resembles a fish in all important 
characteristics, habits, and arrangement of its vital 
organism ; but at the same time, as development pro- 
ceeds, the similarity to the lower type is lost and the 
hidden characters of the higher being present them- 
selves. 

An endeavour has been made by some writers to 
prove that a "progressive development" has taken 
place through all ages of the world, in such a manner 
that a regular gradation of organized beings has ex- 
isted, which have become more and more developed 
and more highly organized in successive ages, by actual 
transmutation of the lower into the higher orders of 
living beings — a theory which, however ingenious, is 
not supported by our experience, and which receives 
no real oonfirmation from physiological facts; and 
without entering into an investigation of the possi- 
bility of such transmutation, it may be observed, that 
tioae intermediate links, ^\i\ci\i ^Yiovjld igro^erly exist 
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as distinct animals, as an evidence of transition from 
one type to another, are no where to be found ; much 
less, then, can the idea be entertained, that animals 
were derived from plants, by the same "progressive" 
method of development as that by which one animal 
was said to be derived from another of lower organi- 
zation. 

The possibility, however, of a reverse process ever 
occurring, has yet to be determined — whether, in fact, 
an arrest of development of an animal of any higher 
type may give rise to a being of lower organization, 
which is capable of propagating creatures of its own 
kind, similar to itself in every respect. The external 
conditions and circumstances under which any organ- 
ized structure is developed, certainly have a marked 
influence on its formation ; a scanty supply of nou- 
rishment may thus prevent an animal attaining its 
full size ; and it is well known that certain parasites 
found in the intestinal canal of animals, assume a 
different form and apparently different type, when 
transmitted from the body of one animal to that of 
another, though this change of form is really only an 
arrest or increase of development. Still, with respect 
to the "origin of species," it has been argued, that if 
the theory of progressive development be denied, fresh 
types must either have originated by a definite act of 
creation, or by spontaneous generation from inorganic 
matter acted on only by " physical forces." 

Setting aside this question of primitive formation 
or origin of species, it seems to be an established 
physiological law, that every organized structure now 
originates in or from a pre-existing organized being ; 
as set forth in the axiom, " Omne vivum ex ovo." 

In the lowest forms of animal existence, in the 
amoeha and hydra, a number of similar creatures can 
be artificially produced by mere fission or division of 
the animal's body ; but a spontaneous multiplication 
of these beings takes place by the process of gemma- 
tion or budding. 
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On tbe body ot a hydra a alight projection is first 
noticed, which gradually extends and, at length, pro- 
ducea a bud r^ 
sembling in form 
the parent animal 
firom wh cb it 
Bpnngs A &ee 
commun eat on ex 
ista during the 
t me between the 
body of the ongi 
nal hydra and the 
bud but when the 
1 atter becomes com 
pletely de eloped 
the opemng be 
tween the two a 
obBtructed and 
finally tbe newly 
formed hydra sepa 
rates from the 
parent stem and 
floats away as a per 
fectly mdependent 

A,hrdi.«raddiiB a, brad J so k bni. TUis mode of de- 
velopment depends on the multiplication of simple 
cells, by that continual subdivision already explained 
when speaking of cell-growth; and, indeed, in the 
gemmation of the by£a, the process is very ex- 
tensively carried out; for several buds may arise at 
the same time from a single hydra; and even secon- 
dary buds may spring from the first before the tatter 
are detached from the parent stem. 

But though the power of reproduction from any 
cells forming the general mass of the whole body is 
observable in the cases just mentioned, in the higher 
animals, as a rule, the reproductive power is restricted 
to particular cells, formed and contained in a special 
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part of the organism ; and we shall now find tliat the 
concurrence of two cells, and the amalgamation of 
tiieir contents, is necessary for the production of a 
new being. One cell in this case fertdizes the other, 
and they are, therefore, respectively termed the 
" werm ' and the ^^ germ " cell. 

In all plants, except the very lowest, there is a 
distinct provision for the formation and subsequent 
meeting of the sperm- and germ-cells, the union of 
the two producing a new body termed the " embryo 
cell ;" but in certain plants no difference between the 
germ-cells and sperm-cells can be detected, though 
in the higher orders a distinction is observable ; the 
sperm-cells containing peculiar moving filaments. 

The pollen of a plant consists of these sperm-cells, 
which, dropping off the anthers (a), pass down the 
pistil (5), and meet the 
ovules or germ -cells, 
which are surrounded by 
gelatinous matter, and 
contained in a chamber 
termed the " ovary." 

The union of the two 
cells then gives rise to 
the " embryo," which, 
with the gelatinous mat- 
ter serving as a store of 
noiLrishment laid up 
round it, constitutes a 
seed. If placed under fa- 
vorable circumstances the 
embryo cell divides and 
subdivides into numerous 
other cells, and becomes more developed, using up the 
store of nutritive material that surrounded it,tiU organs 
of assimilation are formed in its own organism, by 
means of which it can subsist on external matter and 
eontinue to progress in formation till it resembles the 
parents from which it originated. 




Reprodnethre Organs of a Flaiit. 
a, a, anthers} d, pistil; c, ovary. 
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Yitelline membrane. 



Yolk. 



C^erminal spot. 



In animals the reproductive process is somewbat 
similar. The sperm-cells contain moving filaments 
termed spermatozoa ; and the germ-cells are surrounded 
with nutritive material, which together constitute 
what is called the ovtim. The sperm-cells and germ- 
cells meeting (having existed, either in different parts 
of the body of one animal, as in hermaphrodites, or 
being supplied by two distinct animals, as is more 
commonly the case), the latter are fertilized by the 
former, and the fertilized germ-cells, together with 
the store of nutriment> constitute on impregnated 
ovum. 
The nutrient matter of the ovum is termed the 
I'lQ.A. vitelltis, or yolk, and 

is enclosed in a mem- 
brane called the vitel^ 
line membrane, or 
yolk sac. In the in- 
terior of the yolk is 
the germ cell, and, on 
Germ ceu or veaide. careful examination, 

a small nucleus mav 
be observed, which 
has received the name of the " germinal spot" (see 
i'ig. a). 

When the germ-cell, or, as it is usually called, the 
germinal vesicle, with its surrounding yolk and in- 
vesting vitelline membrane, becomes matured and Jit 
for fertilisation, a number of cells spring &om the 
germinal spot, and fill the interior of the germinal 
vesicle, which then bursts, permitting the contained 
cells to diffuse themselves through the yolk substance. 
If, under these circumstances, a sperm-cell (the 
spermatozoa) comes into contact with this matured 
ovule, it pierces the vitelline membrane, penetrates 
into the enclosed cavity, and, becoming dissolved, 
mixes with the contained yolk, exerting a fertilizing 
influence, which causes a further development of the 
ovum. 
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Jl series of changes in the fecundated orum now 
take place, termed tne segmentation of the yolb. On 
examining the recently fertilized ovum of certain ani- 
mals, where the inveBting membranea are transparent, 
there will be discoTered m the midst of the contents 
of the vitelline membrane, a new formRtion, in the 
shape of a cell, called the embryonic vencle, arisinir 
pronablf from the action of the dissolved sperm cell 
on some of the cells that were set free into the general 
mass of the yolk by the rupture of the germinal 
vesicle. 

This embryonic vesicle, after a time, divides into 
2, and then 4, 8, 16 new cells, and goes oo subdividing 
in the same ratio, each new cell drawing round it put 
of the yolk, till at length the entire yolk-bag is filled 
with little globular portions of jolk, each of which 
contains a central cell or nucleus; and subsequently 




each portion becomes invested with a proper cell-wall, 
to tliat the yolk-bag ia filled with a mulberry-like 
mats of cells, from which the new being is evolved by 
further development. 
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The quantity of yolk present in an ovum varies 
greatly with the time that the embryo is destined to 
remain shut up in the egg. In the species where the 
young animal is developed into a form similar to that 
qf its parents, before it emerges from the egg (as is 
the case with birds), a large store of yolk is laid up in 
the ovum, and we then find that the segmentation of 
the entire yolk does not take place; for the yolk 
divides into two parts, one portion alone becoming 
split up into segments in the manner just described, 
whilst the other remains unchanged, constituting a 
supply of food for the further development of the 
animal in the ovum. 

The part of the yolk that 1)ecomes segmented may 
therefore be termed the ^^ germ-yolk, ^^ and the remain- 
ing store of nutriment the ^^ food-yolk,^'* Thus, it 
appears that the period at which the newly formed 
being emerges from the egg varies in different ani- 
mals, and depends partly on the amount of nutritive 
matter laid up in the ovum, some creatures issuing 
forth with the form they are destined to retain, 
others passing through a subsequent series of meta- 
morphoses before their shape resembles that of their 
parents, 

A general sketch of the process of development 
having been given, we may now proceed to consider the 
various methods of the process in some of the princi- 
pal orders of the different sub-kingdoms. 

Amongst the Protozoa the mode of reproduction is 
limited to that of fission and gemmation, and in the 
Ccelenterata, the same process is also observed, though 
occasionally multiplication takes place by the concur- 
rence of sperm- and germ-cells. 

In like manner the lower Mollusca and Articulata 
may be propagated, either by a species of gemmation 
Or by development from a fecundated ovum ; but in 
the higher orders of these sub-kingdoms the sexes are 
always distinct, and multiplication never takes place 
by budding. 
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Mollusca. — In the Bryozoa or lowest order of mol- 
lusks, reproduction by gemination occurs in a manner 
similar to the process of budding in the hydra. 

In the Tunicata multiplication takes place either 
by gemmation or by the more perfect method of 
development resulting from the meeting of sperm- 
and germ-cells. In the former case the process re- 
sembles that seen in the hydra, whilst in the latter 
the sperm- and germ-cells existing together in the 
same animal, meet and produce an ovum, in which a 
rapid segmentation of tne yolk is first observed, fol- 
lowed by the development of a layer of transparent 
gelatinous matter round the whole mass, and a subse- 
quent separation of the yolk into a body and a tail ; 
and when the animal escapes from the egg it makes 
its appearance in a form somewhat resembling a tad- 
pole. After a time the tail is thrown off, and by a 
farther process of development the organs in the in- 
terior of the body are produced, the external gela- 
tinous coating becoming the outer tunic of the 
animal's body. Passing on to the higher order of 
mollusks, as the Oasteropods and Cephcdopods, we find 
that propagation by budding ceases, and that all the 
animals either are herm'aphrodite (that is, provided 
with both sperm- and germ-cells in the same body,) or 
dioecious (where the sperm- and germ-cells exist in 
separate animals). The development of the ovum is 
also much more complex in character, and a great 
variety of shapes are assumed before the individual 
takes its permanent form. 

Articulata. — In the Annelida and lower types of 
the sub-kingdom Articulata, most of the bemgs in- 
cluded are hermaphrodite, and the propagation of the 
species by the process of gemmation frequently 
occurs, alternating with the more perfect method of 
development arising from the concurrence of sperm- 
and germ-cells. In the process of budding, a curious 
phenomenon is sometimes exhibited in Annelids ; three 
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JloUunea. — In the Siyo:oa or IfweBt onier r : i 
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or even four worms may be formed from one parent 
stock, so that a communication between the extremi- 
ties of the four exists in such a way that the alimen- 
tary canal is continuous, the whole series being fed 
by one mouth till the animals are detached and assume 
a separate existence. In the higher orders of the sub- 
kingdoms, as the Myriapoda and Insecta, the process 
of gemmation is not observed, the animals contained 
in those classes being dioecious. Insects are evolved 
in a more or less perfect state from an impregnated 
ovum. On issuing from the egg, an insect is usually 
wingless, and is termed a larva; during the period 
the wings are becoming developed, the term pupa or 
nymph is applied, and when the creature obtains its 
perfect form, it is called an imago. In the ovum of 
an insect, a segmentation of the yolk is first observed 
breaking the whole up into cells in the ordinary 
manner ; but at the external part of the yolk sub- 
stance the formation of cells is excessively rapid, so 
that a kind of cellular membrane is produced from 
the outer portion of the vitelline mass. The cellular 
envelope tnus formed is not completed at the part of 
the yolk which is destined to become the dorsum of 
the larva, but by a subsequent development of firesh 
cells the entire membrane is thickened and the yolk 
quite enclosed. An elongated mass of yolk, invested 
with an entire cellular membrane, is thus produced, 
and by a farther subdivision and development of the 
cells in the interior of the mass the visceral organs of 
the larva are formed, and by a thinning away of the 
investing membrane the apertures of the mouth and 
anus are produced. 

The larva having been so far perfected in the Qg'g^ 
breaks the shell and issues forth in the form of a 
worm or maggot. During this period of its existence, 
it greatly resembles some of the Annelida, the body 
being segmented in a similar manner. A large supply 
of food is required by the animal whilst in this con- 
dition, and one or more exuviations or shedding of the 
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external skin commonly take placa The larvae of 
some insects spin a cocoon of silk, in which they 
enclose themselves and become transformed into a 
pttpa ; but in other cases the precise time of change 
into the second stage is not so definite, no cocoon 
being produced ; for,- as the exuviations of the skin 
proceed, the wings and other organs peculiar to the 
imago are formed, so that at the last shedding of the 
skin, the insect assumes its permanent shape, and 
spreads out its wings which had previously remained 
folded up under the cast off skin. "When a cocoon is 
spun at the last period of exuviation, the skin, instead 
of being thrown off, dries up and encloses the animal 
in such a way that it remains in a perfectly inactive 
state during the whole period of its existence as a 
pupa, and during this period which lasts a variable 
time in di£ferent insect tribes, the wings and other 
organs of the imago are developed, so that, on issuing 
from the old casing of skin, the insect appears in its 
perfect form, after which no farther change takes 
place till the animal dies. 

Crustacea, — But little is known respecting the 
development of the ovum in the Crustacea ; but it 
appears that a separation into a head and body occurs 
at a yery early period, and when the animal issues 
from the egg, it possesses, in many orders, the form of 
its parents, though in others a series of transforma- 
tions is gone through before it arrives at that state. 
Many crustaceans have the sin^ar power of casting 
off their limbs when disturbed, and after a time of 
producing a fresh limb in the place of that which had 
been thrown off. This capability of reproducing lost 
parts is not confined, however, to this class ; for insects 
in their larval condition also possess the same power 
of repair, and it would seem as though this method of 
re-development of any particular limb resembled, in 
some degree, the process of gemmation in the lower 
animals. 

Arachnida, — In the class of spiders, the repro- 
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duction of species is confined to development from 
ova. 

The ovum of a spider receives a coating of albumen, 
which becomes invested by a membrane termed the 
chorion. The separation of the vitelline substance 
into a germ-yolk and food-yolk takes place, the former 
undergoing the usual segmentation, an investing cellu- 
lar membrane being produced by a rapid development 
of cells at the external parts, in a manner similar to 
that formed in the development of the ova of insects. 
After the completion of the investing membrane, 
several constrictions appear in the vitelline mass, 
separating it into a head, body, and segments, from 
virhich the various appendages spring. "When the 
process is complete, the young animal escapes from 
the shell vrith a form similar to that of its parents. 

Veetebbata. — Xo animals of the vertebrate sub- 
kingdom, are ever propagated by the simple process 
of budding, and even the capability of reproducing lost, 
parts is extremely limited, especially in the higher 
orders, where the power is confined to the mere 
healing of the injured or amputated limb, vdthout any 
attempt at redevelopment of the lost member. 

Of the four classes of vertebrate animals, fishes, 
reptiles, birds, and mammals, it will be most convenient 
to begin with the description of the development of 
the ovum in mammals. 

Mammalia, — All the animals of which we have been 
speaking are oviparous, that is, the young are bom 
enclosed in an egg^ from which after a time, they 
escape with a more or less perfectly developed form ; 
but we now pass on to consider a class of animals in 
which the young are matured before birth, and are 
bom with their various organs completely formed, 
undergoing no material alteration in shape afterwards. 
In the ovum of mammals there is no food yolk, the 
entire vitelline mass undergoing segmentation, so that 
the nutrition of the embryo is maintained by a peculiar 
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arrangement, by means of which the blood of the 
parent a£fords the required nourishment. The hunum 
ovttm,* in the miimpregnated state, is very small, 
about -j^th of an inch m diameter ; the yolk-bag op 
vitelline membrane, which is in mammals termed the 
zona pellucida, being about ^^j^^^th of an inch in 
thickness, and quite transparent. 

The ovum when in the ovary (or organ of the 
parent where the ova originate) is at first contained 
in a vesicle filled with albuminous fluid, called the 
arctc^an vesicle^ the walls of which are made up of a 
layer of nucleated cells. In a fully formed graafian 
vesicle, the ovum is usually situated on one side, sur- 
rounded by a mass of cells, called the discm proligerus. 
The yolk or vitellus, is in most mammals thick and 
consistent, containing, embedded in its substance, the 
germinal vesicle, which consists of a very fine, struc^ 
tureless meihbrane full of clear watery fluid. At one 
spot in the periphery of this vesicle is a finely granu^ 
lar substance of a yellowish colour, called )^e germinal 
spot. It is very evident that if the ovum is so minute, 
the germinal vesicle and spot must be still more 
80 ; indeed, this last-named structure measures only 
the •y3ij7jth of an inch in diameter. At certain periods, 
the boundary wall of the graafian vesicle bursts, per- 
mitting the ovum to escape ; and if at this time, any 
spermatozoa come into contact with the ovum, impreg- 
nation takes place and further changes occur in its 
condition, leading to the formation and development 
of a new being. 

The impregnated ovum now takes on a new action, 
and the changes that follow in the production of the 
embryo will next claim our notice. 

The germinal vesicle first disappears, and the cells 
that formed the membrana granulosa, which adhere to 
the ovum after its escape from the graafian vesicle, 
are also lost. The ovum now leaves the ovary and 
passes down a tube, called the fallopian tube, to the 
* The ovmu is commonly callod the ovule in plants. 
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uterus, or maternal organ, in which the subsequent 
development of the embryo is destined to take place. 
As the ovum passes down the fallopian tube, it receives 
a fresh investing substance, consisting of a layer of 
albuminous matter. This albuminous layer is quite 
transparent, and closely surrounds the zona pellucida ; 
and by the time the ovum has arrived at the lower 
extremity of the fallopian tube, becomes very con- 
siderably thickened, forming, together with zona pellu- 
cida, a membrane termed the chorion. 

The chorion, when fully formed, is a textureless 
membrane from which minute villous processes spring, 
and by means of which blood is first imbibed from 
the maternal structures for the support of the em- 
bryo. 

Besides the acquisition of the albuminous layer and 
the production of the chorion, during the passage of 
the ovum down the fallopian tube, a change in the 
condition of the yolk, also happens ; it commences to 
divide and subdivide, becoming segmented and broken 
up into numerous ceUs in a manner similar to that 
previously described. So minute is this subdivision, 
that the yolk appears to consist of a finely granular 
matter after the cleavage has been completed. Sub- 
sequent to this, each of the segments of the yolk 
becomes invested with a membrane and converted into 
a cell ; and at the external or peripheral part of the 
vitelline mass, the cells thus formed become developed 
into a membrane, which by a farther accretion of cells, 
increases in thickness, and constitutes an investing 
tunic for the vitellus, receiving the name of the 
vesicula blastodermica or germinal membrane. 

During the time that had been occupied by the 
transit of the ovum from the ovary to the uterus, 
certain preparatory changes have occurred in the 
cavity of that organ, fitting it for the functions it is 
destined to perform in the farther development of 
the embryo. The mucous membrane lining the uterus 
omes more vascular, soft, and tumid, pouring out 
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an augroented secretion, and forma a membrane called 
tbe membrana decidua, ao that on the entrance of the 
ovum into the uterine cavity, it becomee embedded in 
the soft, deciduous etructure. A direct meana of 
nutrition to the growing embiyo is thus afforded by 
the conjunction of tbe chorion and membrana decidua. 

Having skctt'hed the changea that occur in the ovum 
up to the period of the formation of the germinal 
membrane, we may proceed with the deacription of 
the development of trie embryo. 

At one part of the germinal membrane, a spot 
cauaed by the ag 
gregation of cells la 
observed this spot 
appears to be rather 
more dense than 
any other portion 
of the teiture and g 
receives the name 
of the area germt 
nativa Soon a 
division of the ger 
minal membrane 
into two layers takes 
place commencing 
at the area germi ' 
nativa andacentral 
clear space graduallv appears in tbe areagermmativa 
which IS called tbe area pellucida. Surrounding tbe 
area pellucida, ia an opaque band formed of an aggre- 
gation of cella, termed the area vasculosa. 

The germinal membrane being divided thua into 
two membranes, the external layer ia called the geroua, 
and tbe internal tho mucous; from tbe former the 
bones, muselee, and integumenta of the body are de- 
veloped, and from the latter the visceral organa and 
internal parts are formed. 

The first trace of the embryo esista in the serous 
fold of the germinal membrane, in tbe form of a 
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shallow groove in the centre of the area pellucida, 
and two masses of cells — the lamincd dorsales — one on 
either side. These masses extend and at length unite, 
enclosing the primitive groove, the inner portions be- 
coming converted into nervous substance forming the 
rudimentary spinal cord and brain. 

Whilst this process has been going on, numerous 
cells have been arranging themselves in a linear row 
directly beneath and parallel to the primitive groove, 
producing a basis round which the vertebral column 
IS subsequently developed; and during this com- 
mencing development of the nervous centre and spinal 
column, the serous membrane sends off prolongations 
which unite and form the anterior walls of the trunk. 
Between the serous and mucous layers, a fresh accu- 
mulation of cells occurs in the area vasculosa, consti- 
tuting a foundation for the development of the vas- 
cular system. The layers of the germinal membrane 
that extend beyond the extremities of the embryo 
then fold in under the part 'forming the abdomen, 
making a depression in the yolk ; and at the under 
surface of the embryo, a channel now presents itself 
constituting a rudimentary alimentary canal, which 
gradually closes in, forming a tube shut off from com- 
munication with the yolk, except at one part where 
the closure is incomplete, termed the vitelline duct ; 
this, however, also closes subsequently, shutting off 
the canal entirely from the yolk. 

Up to this point the embryo has been nourished by 
absorption of the yolk substance, and it is now that 
blood-vessels first begin to appear in the area vascu- 
losa, in the form of small red spots, that afterwards 
extend and become developed into capillaries. 

The embryo being deprived of nourishment from 
the vitellus is hereafter supplied in a manner next to 
be described. By means of a reflection of the germi- 
nal membrane over the embryo, a new covering called 
the amnion is produced, and shortly afterwards there 
springs from the embryo itself a membranous prolonga- 
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tion, termed the alUmtoiSf in which the umbilical cord 
consiBting of two arteries and a vein, is developed, and 
by means of which blood is carried from the maternal 
B^ctures to the embryonic being. 

It will be remembered that the tufts or villi of the 
chorion became imbedded in the membrana decidua 
lining the uterine cavity ; blood-vessels subsequently 
becoming developed in the chorion and in its villi, are 
brought into communication with the embryo through 
the umbilical vessels developed in the allantois, which 
grows on till it reaches the chorion, and the spot 
where this junction takes place gives rise to a confined 
mass of blood-vessels, constituting what is termed the 
placenta. No direct communication between the 
olood-vessels of the placenta and those of the uterus 
exists, but the blood passes from the maternal vessels 
in the uterine walls into those forming the placental 
mass, by a process of transudation and absorption 
through the coats of the two sets of vessels. The 
uterine and placental blood-vessels, however, do not 
come into actual contact ; for between them are two 
layers of cells, by means of which the required mate- 
rials are abstracted from the maternal blood, and 
carried into the foetal circulation. 

Implacental Mammals, — ^Amongst the higher orders 
of mammalian animals the young are very perfectly 
developed previous to birth ; but in the lower orders 
of the class the offspring, at the time of birth, are little 
advanced towards maturity, and require a special pro- 
vision for their protection and support. This require- 
ment is supplied (as seen in the Marsupialia) by the 
addition of a pouch, formed of a pair of folds of the 
integument covering in the mammary glands, so that 
subsequent to birth the young remain attached to the 
nipples, at first almost without the power of move- 
ment, but gradually acquiring strength and the capa- 
bi litv of leading a separate existence. 

we may now proceed to consider the development 
of the ovum in the remaining three classes — fishes, 

15 
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reptiles, and birds. The animals included in these 
groups, being unprovided with any uterus or pla- 
centa, are oviparous, the young being retained in the 
shell for a longer or shorter period after birth. In 
some of the higher reptiles, however, as the viper and 
lizard, the young emerge from the egg in the very act 
of birth, so that they are, in fact, bom alive. 

Mshes are oviparous animals, but the development 
of the ovum is very similar to that just described in 
mammals, except that the nourishment supplied by 
the yolk continues to fiimish the entire support of the 
embryo till it quits the ovum; and even after the 
newly formed being emerges from the egg no special 
provision for aeratmg the blood exists further than by 
a distribution of capillary vessels over the walls of the 
yolk-bag, which hangs attached to the abdomen of 
the young fish till the gills are sufficiently developed 
to carry on the respiratory function. 

Beptiles, — The development of the ovum in reptiles* 
takes place without any further change of plan, except 
that the allantois extends itself round the yolk-sac, 
intervening between it and the shell, through which 
the air penetrates, thus having free access to the 
blood-vessels distributed in the allantois itself. 

Most reptiles bring forth young resembling them- 
selves at birth, but amongst the frog tribe the young 
animal, on quitting the ovum, appears at first as a 
tadpole, with a large head and long tail, leading the 
life of a fish, and breathing by means of branchisB, 
which exist both externally and internally. The ex- 
ternal branchiae are soon lost, and the animal respires 
by means of the internal gills alone. As the tadpole 
increases in size, the tail either grows with the rest of 
the body, as in riewts or tritonsy or dwindles, wastes 
away, and disappears, as in the common frog. After 
the tadpole has continued in the form already men- 
tioned, the hind feet begin to appear, and when they 
have attained some length the fore feet are developed ; 

* Except the frog tribe. 
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at least this is the rule with the tadpole of a frog, but 
in tritons the reverse occurs, the mnd feet being de- 
veloped la^t. After the animal has continued to 
respire with its internal gills, and has for some time 
been leading an aquatic fife, lungs begin to be deve- 
loped, and for a short period the reptile can breathe 
either by means of its guls or lungs ; out as the lungs 
become completely formed, the gUIs disappear, so that 
in the adult no traces of them remain. The arrange- 
ment of the circulatory apparatus, of course, differs in 
the young and adult animal, as the mode of respiration 
is changed. In the young batrachian the blood is dis-^ 
tributed bv the heart to the gills, and thence passes to 
the^reat dorsal artery, being conveyed by the branches 
of that vessel to the various organs of the body ; but 
in the adult animal the branchial arteries become ob- 
literated, and the blood is distributed to the lungs 
and system much in the same way as in other rep- 
tiles.* 

Birds, — The development of the ovum and embryo 
of birds, though carried on much in the same manner 
as in mammals, presents some peculiar features in the 
process. 

The ovum of a bird, whilst passing down the 
oviduct (which leads from the ovary to the end 
of the rectum), becomes coated witn albumen, as 
in other animals, and receives a double membran- 
ous lining, homologous with the chorion of mam- 
mals. At the lower part of the oviduct is a thick, 
glandular sac, that secretes the shell, which is formed 
by the calcification of a similar membrane, constitut- 
ing a very perfect protection for the embryo. Lining 
the shell is the double membrane already referred to, 
the outer layer sending villous tufts into the shell 
substance, and at the obtuse end of the egg the two 

* On account of the differences in organism between Batra- 
chians and Reptiles generally, the Batrachia are ranked by the 
most recent writers as a distinct class, " Amphibia," and not 
included amongst Beptilia. 
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layers separate, enclosing a small bubble of air. Ex- 
tending from either extremity of the yolk-bag to the 
ends of the shell, are two sdbuminous cords, termed 
the chalazcBy preventing the yolk from moving towards 
either end, but permitting it to turn on its axis. 

The yolk is rather lighter than the albumen sur- 
romiding it, the latter being of a watery consistency, 
except just round the yolk-bag itself. In the ordinary 
condition of an egg the yolk floats near the side that 
is turned uppermost, and as it is permitted to move 
on its axis, the germinal spot, where the formation of 
the embryo first commences, alwavs turns towards the 
upper surface, so that the growing embryo has the 
benefit of the heat derived from the body of the mother 
sitting on the egg, and receives the influence of the 
air that permeates the shell, aerating the blood-vessels 
in the allantois, which extends round the yolk-sac, as 
in reptiles. 

In birds the yolk is divided, as in most oviparous 
animals, into the "germ** and the "food-yolk," the 
latter, forming the bulk of the vitelline mass, being 
destined to supply nutriment during the early periods 
of development. "With regard to the subsequent 
formation of the embryo, it proceeds on a plan very 
similar to that observed in mammals, but the vitel- 
line duct remains open in birds, affording a free 
communication between the rudimentary alimentary 
canal and the contents of the yolk-bag; and, as 
the yolk is gradually taken up for the nourishment 
of the embrvo, the yolk-bag is itself drawn into 
the abdominal cavity. 
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Made up, as the body is, of cells and fibres, it is 
evident that, if the reparative power remained per- 
fect, and the constant waste to which all parts are 
subject in the discharge of their natural functions 
was provided for by a corresponding redevelopment 
of tissue, life might continue for an indefinite period, 
unless disease or some sudden injury to any of the 
more important organs occurred. But as every 
manifestation of vital activity is attended by an 
amount of impairment and change of condition of 
the organized frame, the body gradually deteriorates ; 
in youth and manhood the waste and change of 
various structures are fully compensated for by a con- 
stant regeneration of tissue, but in advanced life 
and old age the power of repair slowly diminishes, 
till, at length, the organism becomes thoroughly 
deteriorated, all vital action ceases, and death ensues. 

Death, then, would be the natural and inevitable con- 
sequence of life, supposing even that diseasiB and injury 
could not assail the body ; but death may occur at any 
age, firom derangement of any of the more important 
vital organs or a disturbance of their functions. The 
cessation of life may result in diflferent ways, from 
various causes; a deficient supply of blood to the 
brain or lungs, a loss of irritability and propulsive 
power in the heart, or a change in the condition of 
the blood, will produce death, each in a different 
manner. If, from any cause, the supply of blood to 
the brain is cut off, death by syncope is the result ; 
if the action of the lungs is arrested, or the flow of 
blood in them impeded, death by asphyxia super- 
venes; if certain poisons accumulate in the blood, 
and the impure fluid circulates through the brain, or 
if blood escapes in the cavity of the cranium, or pres- 
sure is in any way made on the brain substance 
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death by coma occurs ; and, lastly, when the heart's 
action is gradnally weakened, and the quality or 
quantily of the blood reduced, death from asthenia 
takes place. 

In death from syncope, where there is a deficient 
supply of blood to the brain, the primary cause of 
death may depend on a want of propulsive power in 
the heart, or on some obstruction in that organ, and 
this want of power may be frequently traced back to 
the nervous system; thus, a sudden shock to the 
brain, any violent mental emotion, may cause a failure 
of the heart's action, followed by an arrest of the 
flow of blood to the brain, and consequent death by 
syncope. 

Death from asphyxia may result from any cause 
retarding the current of blood through the lungs; 
an obstruction in the heart on either side of its cavity, 
or an obstruction in the capillaries of the lungs them- 
selves, may cause suffocation, and the same result 
may be produced by a continued privation of fresh 
air. 

Death by asphyxia must be attributed to the accu- 
mulation of carbonic acid in the blood and the circu- 
lation of the impure fluid through the brain and other 
important organs, for cold-blooded animals, in a state 
of torpor, when the circulation is very slow, may be 
immersed in water for a considerable time without 
injury. 

Death from asthenia can scarcely be said to be 
different from death from syncope, for certainly in an 
asthenic state of system syncope very readily takes 
place, and it is usually the cause of death in such 
cases. 

Coma may be produced by the introduction of cer- 
tain poisons, such as opium, urea, <&c., into the current 
of the blood ; it may also be induced by the rupture 
of a blood-vessel in the brain, and the escape of blood 
into the cavity of the skull, or by the pouring out of 
the watery p^ of the blood through the coats of the 



CONCLUSION. 231 

cerebral capillaries without rupture of their waUs; 
and, lastly, Dy the absolute pressure caused by a por- 
tion of the cranial bones dnven in and compressing 
the brain substance. 

Death by asphyxia would, therefore, seem to be 
death by coma ; for, as before stated, suffocation pro- 
duces death by causing impure blood to circulate 
through the brain. 

Sudden death may be caused by severing the spinal 
cord above the origin of the nerves supplying the 
respiratory apparatus, or by dividing the trunis of 
those nerves on both sides. It has been asserted that 
in the medulla oblongata there is a point termed the 
" vital spot," which, if injured, produces instant death ; 
this statement, however, wants confirmation. 

Death having taken place from one of the above- 
mentioned causes, the body undergoes what is termed 
" molecular death," and, decomposing, returns to the 
elements of which it was formed. 



The description of the anatomy and physiology of 
the human frame, and the leading variations in the 
lower animals, having been concluded, it is necessary 
to mention that in many parts of the account given 
the more refined or uncertain details have been 
omitted, and in many cases where different theories 
are held only one particular view has been carried out. 

In the description of the divisions of the animal 
kingdom given m the first few pages, in one or two 
points the most modem method of classification has 
not been adopted, but that which appeared the most 
simple, and which, for the purpose of general arrange- 
ment, served equally weU; K)r example, the Ver- 
tebrate sub-kingdom is divided into five, instead of 
four, great classes; the Batrachian Keptiles being 
classed under the name Am^TiiUa, and Keptiles only 
including the three other divisions. In Mollusca, too. 
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the term Conchifera is usually abandoned, and the 
Lamellibranchiata and Brachiopoda distinguished as 
classes. Some minor variations in the lowest types 
also exist in the most recent arrangements ; but as the 
sketch given at the commencement is not intended as 
a zoological guide, they were not noticed. 
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AN EXTENDED VIEW OP THE VERTEBRATE 

SUB-KINGDOM. 

*Cla88. Order. Examples. 

r Cartilaginous ... sharJc, sJcate, torpedo, Iwnvprey. 

Pisces \ Osseous perch, mackerel, carp, pike, 

[ herring, cod, 

r Pereiiniatar protects, axolotl, siren. 

Amphibia •< Urodeles . . * netcts, tritons, 

L Anoures ffog, toad, rainette, pipas. 

rOphidia viper, rattlesnake, cobra, python, 

< Sauna lizard, chameleon, iguana, gecko, 

L Chelonia turtle, tortoise. 

Palmipeds penguin, petrel, alhatros, swan, 

ditck. 
Waders heron, crane, stork, ibis, wood- 

cock, ostrich. 
Gallinaceous ... cock, pheasant, peacock, turkeg, 

quail. 

Climbers parroquet, cuckoo, woodpecker. 

Passerines blackbird, linnet, swallow, lark, 

sparrow. 
^Rapacious eagle, vulture, falcon, kite, hawk, 

Monotremata ... omithorhgnchus, echidna, 

Marsupialia opossum, kangaroo. 

Cetacea whales, dolphin, 

Pachydermata .. elephant, hog, horse, rhinoceros, 
Raminantia ox, sheep, goat, stag, camel, 

giraffe, 

Edentata armadillo, ant-eater, sloth, 

Rodentia rat, squirrel, lerot, beaver, 

Camivora cat, otter, badger, dog, bear, lion, 

tiger. 

Cheiroptera bats, 

Quadrumana ... apes, monkeys. 
Bimana man. 
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AN APPENDIX OF QUESTIONS 

Prom the Examination Papers for the B.A. degree of the 
London University ;• for the Master's and Pupil's Exami- 
nation of the Royal College of Preceptors; also for the Pre- 
liminary Examination for the Royal College of Surgeons, as 
conducted by the College of Preceptors ; and for the Oxford 
Middle Class Examination. 

1. How does the nutrition of an animal differ from 
that of a plant ? (B.A. Lond., 1853.) 

2. Mention the chief alimentary principles which 
constitute the food of man, and describe the changes 
which they severally undergo in the process of diges- 
tion, explaining especially the part performed in that 
process by the different secretions discharged into the 
mouth, stomach, and intestine. (B.A. Lond., 1854.) 

3. Q-ive a brief description of the mouth, pharynx, 
and gullet, and explain the mechanism of swallowing. 
(B.A. Lond., 1855.) 

4. Give an outline of the structure and arrange- 
ment of th^ heart and blood-vessels in mammalia, and 
describe the circulation of the blood in that class of 
animals. (B.A. Lond., 1855.) 

5. What differences in the sanguiferous system 
and course of the blood are presented by the cold- 
blooded vertebrata ? 

6. By what evidence is the circulation of the blood 
proved to take place ? (B.A. Lond.) 

7. Enumerate the tissues which enter into the for- 
mation of a voluntary muscle. Describe the structure 
and arrangement of the muscles, their mechanical and 
vital properties, chemical composition, and uses. 
State briefly the condition and phenomena of muscular 
contraction. (B.A. Lond., 1857.) 

* The papers for the B.So. London are the same as those 
set for the B.A. in Animal Physiology. 
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conditions do long and short sigbtedness depend? 
(B.A. Lond., 1860.) 

33. Describe, in general terms, tbe globe of the 
eye, &c. (B.A. Lond., 1861.) 

34. G-ive an account of muscular tissue. (B.A. 
Lond., 1861.) 

35. Describe tbe structure of tbe beart, and tbe 
course of tbe circulation in a mammal. (B.A., 1861.) 

36. Wbat are tbe cbief divisions of tbe animal 
kingdom? (Pupil's Examination, College of Pre- 
ceptors, 1861.) 

37. Describe tbe process of respiration in tbe 
bigber animals. (Idem.) 

38. Trace tbe growtb of a bird from tbe egg to its 
perfect form. (Idem.) 

39. "Wbat functions are performed by tbe following 
parts of tbe body : — ^tbe brain, tbe nerves, tbe muscles^ 
tbe bones, tbe tongue, and tbe eyes ? 

40. Wbat differences are observable in tbe struc- 
ture of tbe teetb and of tbe stomacb in vegetable- 
feeding animals, as compared witb tbose wbicb live 
upon flesb ? (College of Preceptors, 1860.) 

41. Describe tbe process of digestion in ruminating 
animals, and compare it witb tbe same process in 
man. (Idem, 1860.) 

42. Q-ive tbe distinguisbing cbaracters of tbe prin- 
cipal groups of animals : — viz., protozoa, coelenterata, 
annulosa, mollusca, vertebrata. (Preliminary Exa- 
mination for Royal CoUege of Surgeons.) 

43. How are fisbes distinguished amongst verte- 
brate animals ? (Idem.) 

44. To wbat classes, orders, and families, do tbe 
following animals belong: — tbe borse, tbe lion, tbe 
seal, tbe porpoise, tbe rat, tbe weasel, tbe eagle, tbe 
ostricb, tbe sparrow, &c. ? (Idem.) 

45. Arrange under tbeir proper order, class, and 
sub-kingdom, tbe following animals: — The dog, the 
cow, tbe whale, tbe kangaroo, tbe cod, tbe oyster, the 
lobster, tbe beetle, tbe snail, tbe star-fish, the sea- 
Anemone ; and give, if you can, the scientific names of 
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tbese examples. (Master's Examination, College of 
Preceptors, 1868.) 

46. What is " vital force" ? (Idem, 1856.) 

47. Describe the two systems of nerves, and the 
functions performed by each. (Idem.) 

48. "What are the constituents and properties of 
the blood? (Idem.) 

49. State the principal points of analogy between 
plants and animals. (Idem, 1855.) 

50. Describe the organs and mechanism of the 
voice. (Idem, 1865.) 

51. "WTiat is the normal temperature of the human 
body ? How is it maintained, and prevented from 
undue elevation ? (Idem, 1856.) 

52. How is the function of respiration carried on 
in man, in fishes, and in insects ? (Idem, 1856.) 

53. Describe what is peculiar in the digestive 
apparatus of a ruminant. (Oxford Middle Class 
Exam.) 

54. Distinguish the structure of the heart, and the 
circulation of blood in fishes, reptiles, and birds. 
(Oxford Exam.) 

55. • Describe the transformations of a frog, or of a 
newt (stating which), in respect to the organs of 
locomotion and of respiration. (Oxford Middle Class 
Exam.) 

56. Describe the transparent parts of the eye of a 
vertebrate animal, the course of rays falling obliquely 
on the pupil, and the muscular apparatus for adjust- 
ing the direction of the eye. (Oxford Exam.) 

67. What differences are observed on comparing 
the brains of vertebrate and invertebrate animals? 
(Oxford Middle Class.) 

58. Why are not whales classed with fishes, and 
bats with birds ? (Oxford Exam.) 

69. Explain the circulation of the blood, and what 
differences, in this respect, appear between warm- 
blooded and cold-blooded animals. (Oxford Exam.) 
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